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INTRODUCTION 


The tuber-rot of potatoes (Solanum tuberosum) known as the “ potato 
leak’’ is a disease of considerable importance in the delta region of the 
San Joaquin River, Cal. The rot is manifest in hot weather and 
appears soon after harvesting. As the potatoes in this region are sacked 
in the field and are practically all shipped immediately, the disease is 
therefore first evident in the car or warehouse. In extreme cases a 
whole shipment may be so badly damaged as to be worthless. If only 
a few “‘leakers” or “‘melters,” as the rotten potatoes are called, are 
present it is usually necessary to sort the consignment. The cost of 
this sorting and the attendant shrinkage greatly increase the expense 
of production. 

No exact data could be obtained as to the losses from this disease 
for any given season, but various estimates placed the damage for 1915 
in the whole delta region, in which there were about 40,000 acres of 
potatoes, between $50,000 and $150,000. The general conditions and the 
methods of growing potatoes on these peat lands have been described 
by Orton (11),° Irish (8), and Shear (15). Orton and Shear have con- 
sidered the diseases commonly found on potatoes in that region. In 
his paper Orton gives the results of a study of the potato leak, which is 
the only investigation of the disease heretofore reported. He was, how- 
ever, prevented from completing the work on this disease to his satisfac- 
tion, and at his suggestion the writer took up the study. 

In the study of the leak of potatoes described in the present paper it 
was planned to investigate further the causes of the disease, to study 
the organism or organisms causing it, their mode of entrance into the 





1 The work described in this article was carried out as a part of the potato-disease project of the Office of 
Cotton and Truck Disease Investigations. 

2 The writer’s thanks are due Mr. W. V. Shear, of the Office of Horticultural and Pomological Investiga- 
tions, for considerable assistance in the work at Stockton, Cal. 

3 Reference is made by number to “ Literature cited,” p. 639. 
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tuber, and, if possible, to obtain some data as to methods for its control. 
Part of the work was carried out at Stockton, Cal., and at various points 
in the delta potato fields near that city. 


GENERAL APPEARANCE OF THE DISEASE 


In taking up the study of the disease in the field, potatoes were ex- 
amined at the sorting benches in the warehouses at Stockton, and various 
stages of the disease were observed. It was first apparent as a small 
brown discoloration around some wound, such as the wound made by the 
prong of a digging fork or by the breaking off of a “‘knob,” which exposed 
the tissue of the inner part of the potato. The rot apparently did not 
affect tubers with unbroken skins. In the later stages of the disease 
the potatoes were brown over the entire surface, soft, and easily crushed. 
If sufficient pressure were applied to the tubers, a brownish watery liquid 
was exuded through breaks in the skin. Sacks containing potatoes in 
the advanced stages of this disease were frequently wet in patches where 
the rotten tubers had been crushed against the side. The interior of the 
rotten potato when broken was usually a dirty white, soon changing to a 
brown color around the edges. The center generally remained white for 
some time (Pl. XC). 

ORGANISM CAUSING LEAK 


RHIZOPUS NIGRICANS 


Orton proved that the disease was caused by a fungus and concluded 
that the causal organism was Rhizopus nigricans Ehrenb. (10). He based 
his conclusions on the following premises: He observed a nonseptate 
mycelium in the rotted tubers and obtained R. nigricans in cultures made 
from these potatoes; he inoculated potatoes with this fungus and 
produced a rot similar in all appearances to leak. 

That R. nigricans is able to rot Irish potatoes was also shown in 
unpublished studies by Mrs. Ethel Field Tillotson. In her experiments 
she used a strain of R. nigricans isolated from sweet potato (Ipomoea 
batatas). Her method of inoculation was to germinate the spores of 
the fungus in tubes of potato decoction and then pour the liquid, together 
with the germinated spores, into cavities in the potatoes. The inoculated 
tubers were placed in damp chambers, and in a few days the disease 
was evident. 

With a strain of R. nigricans isolated from sweet potato by Mr. L. L. 
Harter the present writer was able to inoculate Irish potatoes successfully. 
The method developed by Mrs. Tillotson was followed in the earlier experi- 
ments. It was found unnecessary, however, to germinate the spores before 
inoculating the potatoes. Accordingly, in the later inoculations the 
tubers were inoculated directly from a culture of the fungus by inserting 
some of the spores and mycelium into rather deep wounds made in the 
tubers with a sterile knife. The inoculated potatoes were then placed in 
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‘ a moist chamber and in from two to three days about 50 per cent showed 
evidences of the disease by brown coloration of the skin around the wound. 
In a week after inoculation the infected potatoes were usually entirely 
rotted. The skin was brown, and the interior of the potato was soft and 
watery. They were apparently typical leaky tubers. The fungus 
was readily reisolated from the rotten potatoes. From the investi- 
gations of Orton and the experiments of Mrs. Tillotson and of 
the present writer it is evident, then, that R. nigricans causes a rot of 
the Irish potato typical in appearance of the disease known as ‘“‘leak.”’ 
This work did not prove, however, that all cases of leak were due to 
R. nigricans, as it was very possible that other fungi acting in the same 
way might produce very similar results. 


PYTHIUM DEBARYANUM 


ISOLATION OF THE FUNGUS 


Isolations of the fungus from potatoes were made by transferring 
portions of the partially rotted tubers obtained in the field to sterile 
tubes of slanted corn-meal agar and beef agar. In making these 
transfers the outer surface of the potato which had been washed 
in a 1 to 1,000 solution of mercuric chlorid was sliced away with 
a flamed knife and bits of the rotten portion of the potato farthest 
from the apparent point of infection were removed and placed in 
the culture tubes. In 24 hours a rather coarse hyalin mycelium was 
evident on the surface of the agar. After the cultures had grown for 
three days a microscopic examination of the fungus showed abundant 
fruiting bodies which much resembled the conidiospores of some species 
of Pythium. Occasionally structures were found which seemed to be 
oogonia and antheridia, though these were more frequently seen after a 
longer period. Transfers were made to the agar slants from 61 typical 
leaky tubers from a number of different fields. Of these transfers 49 
proved to be cultures of this fungus, 5 of which were contaminated 
with bacteria. Six were cultures of bacteria only, and 6 were sterile. 
R. nigricans was not obtained in any of the cultures. 


MORPHOLOGY OF THE FUNGUS 


The fungus obtained from the leaky tubers was studied and found to 
be apparently a speciesof Pythium. Themycelium (fig. 1,c) of the fungus 
is rather coarse, irregularly branched, granular, usually nonseptate, 
though sometimes becoming septate when old. The conidia are borne 
either terminally or intercalarly. They are usually nearly spherical 
when mature and are from 12 to 26 in diameter, averaging about 22y. 
They germinate immediately with one or more germ tubes when they are 
placed in water at ordinary room temperatures (fig. 1, d). The oogonia 
are spherical and borne like the conidia either terminally or intercalarly. 
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They are from 15 to 254 in diameter, averaging about 224. The anthe- 
ridium (fig. 1, b) is borne either on the same filament as the oogonium 
or on an adjacent filament. If arising from the same filament ic may 
be borne directly below the oogonium or some distance below. More 
than one antheridium was sometimes found attached to an oogonium. 
The oospores (fig. 1, b) are smooth, spherical, and thick-walled. They 
are from 14 to 19 in diameter, average 16u, and do not fill the oogonuim. 
These measurements of the oogonia, oospores, and conidia all agree 
closely with those of P. debaryanum, as given by Butler. A culture of 
P. debaryanum used by Mr. C. P. Hartley in his studies on the damping-off 
of pine seedlings was obtained from the Office of Forest Pathology. This 
culture was a subculture of a strain which had been isolated from rotten 





Fic; 1.—Microscopical appearance of Pythium debaryanum isolated from potatoes affected with potato 
leak: a, cell of a potato tuber showing fungus filaments therein; 5, oogonia and antheridia; c, mycelium; 
d, germinating conidia. 


potato by Edson (6) used by him in his studies on seedling diseases of 
sugar beets and then turned over to Hartley. This fungus agreed very 
closely with the Pythium sp. isolated from the leaky tubers in size of the 
conidia, oogonia, and oospores, habits of growth, and general appearance. 
Inoculated into potato tubers it produced a rot similar in all appearances 
to that produced by the fungus obtained from the leaky potatoes. 
It would seem, then, from the evidence above cited that the fungus 
isolated from the leaky potatoes in this study is the same as Hesse’s 
Pythiwm debaryanum (7). 
CULTURAL STUDIES 


Cultures of the fungus were made on various kinds of media. The 
fungus grew well on beef, corn-meal, oatmeal, string-bean, Lima-bean, 
and potato agars, and Pfeffer’s plant agar, potato plugs, and stems of 
Melilotus alba. Conidia and oogonia were formed when the fungus was 
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grown on string-bean and corn-meal agars, Pfeffer’s plant agar, and the 
stems of M. alba. Neither conidia nor oogonia were found when the 
fungus was grown on the other kinds of media. The fungus produced 
both sexual and asexual reproductive bodies much more readily in Petri- 
dish cultures than in tubes. No sporangia or zoospores were seen in any 
of the cultures made in this study. It is of interest to note that Hesse 
(7), De Bary (2,3), Sadebeck (13,14), and Atkinson (1) are the only 
writers that to the author’s knowledge record having observed the 
formation of zoospores by this fungus. 

Cultures of the fungus were made from single conidia. To make these 
cultures some of the agar and mycelium from cultures which were pro- 
ducing conidia abundantly was ground up in sterile water. Corn-meal 
agar plates were poured in the usual way. The conidia germinated usu- 
ally within an hour. The germinating spores were located by examin- 
ing the inverted plates with a microscope. They were then marked and 
removed either to agar slants or to Petri dishes. The growth of these 
single-spore cultures was similar in all respects to that of the original 49 
isolations of this fungus and to that of the strain of P. debaryanum ob- 
tained from the Office of Forest Pathology. They produced typical 
conidia, oogonia, and antheridia in abundance, and the mycelium showed 
the same characteristics as to branching and the granular structure of 
the protoplasm. Inoculations were made from these cultures into Bur- 
bank potatoes with positive results in 90 per cent of the cases. The 
fungus was reisolated from the rotted potatoes. The results obtained 
from these single-spore cultures indicate then that only the one fungus, 
P. debaryanum, was present in all the original 49 transfers. 

The minimum, optimum, and maximum temperatures for growth and 
the temperatures at which growth was prevented were roughly deter- 
mined for this fungus. For these experiments Petri-dish cultures on 
corn-meal agar were made from subcultures of five different isolations of 
the fungus and from the strain of P. debaryanum obtained from the Office 
of Forest Pathology. One Petri-dish culture for each constant tempera- 
ture chamber was inoculated from subcultures from each isolation of the 
fungus. The growth of the cultures was measured each day for four days, 
after which the experiment was discontinued, as the culture media in 
some cases was entirely overgrown with mycelium. 

The minimum temperature at which growth was noticeable in four 
days was between 5° and 8° C. No growth occurred at temperatures 
below 5°. The temperature at which growth is most rapid lies between 
30° and 35°, and the maximum temperature at which growth can occur 
is between 35° and 40°. The fungus is killed at approximately 40°. 
Cultures from all five of the isolations from potatoes agreed as to these 
points, as also did the cultures from the strain of P. debaryanum obtained 
from the Office of Forest Pathology. The fungus was not killed at tem- 
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peratures below 5°, though growth was inhibited. The cultures from this 
chamber grew readily when placed in the incubator maintained at 30°. 
The experiments show that the range of temperature for growth is wide, 
about 30°, and that the optimum is high. Johnson (9) found the 
optimum temperature for growth of P. debaryanum to be 33°. 


INOCULATION EXPERIMENTS 


Inoculations were made into healthy California-grown Burbank pota- 
toes from 30 of the 49 isolations of P. debaryanum obtained from diseased 
potatoes. Tubers were rotted and the fungus reisolated in all cases. 
Inoculations were also made with the bacterium which was sometimes 
obtained from the rotten tubers with no apparent effect. It seemed to 
be present as a saprophyte. 

In the earlier inoculation experiments with P. debaryanum, the sterile 
tubers were inoculated with the fungus in wounds made with a flamed 
knife as in some of the experiments with Rhizopus nigricans. The inocu- 
lated tubers were then placed in moist chambers. Inasmuch as moist 
chambers, because of their limited volume of oxygen and their high 
humidity furnish rather abnormal conditions for the storing of potatoes, 
another method was developed in which the potatoes were maintained 
after inoculation under conditions which more nearly approached those 
found in storage. According to this method, the potatoes were disin- 
fected as before and a small hole made in one side with a sterile knife. 
A ring, usually the ring of a Van Tieghem cell, was placed over the open- 
ing and cemented to the potato with petrolatum. A small quantity of 
sterile water was poured into the hole in the tuber and the inoculation 
made by placing some of the mycelium of the fungus in the water. A 
cover glass was then sealed on top of the cell with petrolatum. Various 
modifications of this method were tried to determine the size and depth 
of the wound necessary to insure a high percentage of successful inocula- 
tions. It was found that if the skin was removed from a small area of 
the potato which came within the ring when it was cemented in position 
and the inoculation made in a drop of sterile water on this wounded area, 
the results were as good as when deep wounds were made. Further 
experiments showed that it was sufficient to make a rather deep incision 
in the tuber with a sterile knife and introduce some mycelium to inocu- 
late the potato successfully. The rots produced by such inoculations, 
however, became contaminated more frequently with bacteria than when 
the raw surface of the tuber was inclosed with a ring and cover glass. 
Numerous controls were prepared by cementing the ring to the unbroken 
surface of the tuber and placing therein some bits of mycelium in sterile 
water; also by pouring sterile water into wounds in the potatoes and seal- 
ing them as in the inoculation experiments. In none of these controls 
was there any infection. 
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In the inoculation experiments 210 sound potatoes of the Burbank 
variety were used, of which 177, or 84 per cent, were rotted. 

Besides the experiments with California-grown potatoes, inoculation 
experiments were carried out with several eastern-grown varieties. These 
potatoes were kindly furnished by the Office of Horticulture and Pomo- 
logical Investigations in most cases. The tubers were inoculated in deep 
wounds inclosed with a ring and cover glass, according to the method 
already described. Five different isolations of the fungus were used with 
each variety of potatoes. After inoculation they were placed in an ince 
bator maintained at 30° C. and left there throughout the experiment. 
The results of this experiment are shown in Table I. 


TABLE I.—Results of inoculating several varieties of eastern-grown potatoes with Pythium 
debaryanum, as shown by the number of potatoes of each variety rotted 








Tat Number | Number | root Number mbe: 

Variety. pe setted. | Variety. og yee “a 
Rose 4 (Florida)?..... 17 13 | pT 0) re II 10 
Lo ree cree 9 o || Rural New York...... II 7 
osty R066 66.6 cc cence 12 5 || Irish Cobbler......... 12 5 
SRIGINDD .c50 ey cewewes 9 CS) Bo eee 12 3 
Green Mountain...... Io 7 




















1 Furnished by Mr. W. B. Clark, of the Office of Cotton and Truck Disease Investigations. 


From the results shown in Table I it is evident that some of the varie- 
ties of eastern potatoes are about as susceptible to this disease as Cali- 
fornia-grown Burbanks used in the. experiments already desctibed. 
Early Ohio was apparently most susceptible, in that 10 potatoes rotted 
out of 11 inoculated. The other varieties seemed somewhat more 
resistant to this disease. 

Inoculations were also made, using potatoes of undetermined varieties 
purchased in the Washington markets. A fair percentage of these inocu- 
lations were successful in all cases. It would seem, then, that suscepti- 
bility to this disease is not necessarily confined to potatoes grown on 
the peat lands of California. 

Another series of inoculation experiments was carried out to ascertain 
what temperatures were most favorable for the growth of the fungus in 
the potato and at what temperatures no infection would result from an 
inoculation. In these experiments inoculated potatoes were kept at 
seven different temperatures, varying in 5-degree intervals from 5° to 35° 
C. Seventy potatoes of the Burbank variety were used. Forty of these 
potatoes, those intended for the lower temperatures, were kept in the ice 
box at about 10° C, for 24 hours before inoculation, so that their tempera- 
ture at the time of inoculation would be more nearly that at which they 
were to be maintained during the experiments. For the inoculations 
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subcultures from five separate isolations of the fungus were used, and 14 
potatoes were inoculated from subcultures from each isolation, 2 for each 
of the constant-temperature chambers. They were maintained at con- 
stant temperatures for one week and were then removed and examined. 
The results of these experiments are shown in Table II. 


TaBLe Il.—Resulis of experiments in which inoculated potatoes were maintained at 
constant temperatures, 10 Burbank potatoes in each chamber, maintained at constant 
temperature for one week. All sound potatoes were then placed in the 30° chamber for 
three days 








] T 
| Number of tubers 
which did not show 
idences of in- 
Number of be here Total 
tubers showing. fection in chambers number of 
‘Temperature. sateneicn 1c originally used but roktad 
one week which were rotted potatoes 
; three days after . 
removal to 30° 
chamber. 
| 
Sete e cece rece ee ee cree eee ee verses resesenes re) 7 7 
ae Eee re ee ee ea eres. Se ae eee 3 2 5 
PEs a.ccs vans Shs SN Pale ens eee nies womteee er ms 7 2 8 
Wa siis dace eneneas ate oie ertaeci er ecinc Um cter enarieenate 8 ° 8 
pe rca 9 ° 9 
MDs da ublsgn Vs WRG eal Mew Nee ee ieee ease 10 ° 10 
Bie cain anaes ae meen aie ars cece wielncirncene een Ie ° 10 














The results given in Table II show that a higher percentage of inocu- 
lated potatoes are rotted at temperatures near the optimum for growth 
of the fungus in artificial culture media than at the lower temperatures. 
It is evident, however, that temperatures near this optimum are not 
necessary for infection. As was to be expected, no rot was produced 
while the inoculated potatoes were maintained at 5° C., but when these 
potatoes were moved from this chamber to the incubator maintained at 
30°, 70 per cent of them were rotted in three days. The growth of the 
fungus is apparently inhibited at the low temperature, but begins as soon 
as the temperature is raised. The lowest total amount of rot was in the 
potatoes maintained at 10° for the week. In this case 50 per cent of the 
inoculated potatoes rotted. The growth of the fungus in the potato is 
slower at the lower temperatures, 10° and 15°, than at the higher tem- 
peratures, as. was found to be the case with this fungus on artificial- 
culture media. 

It is evident from these experiments in which P. debaryanum was iso- 
lated from 49 diseased tubers, inoculations made from 30 of these isola- 
tions into healthy tubers, the disease produced, and the fungus subse- 
quently reisolated that this fungus is frequently present in potatoes 
affected with leak and that when inoculated into the tubers, it causes 
this rot. 
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GROWTH OF PYTHIUM DEBARYANUM IN THE TUBER 


The rate of growth of the fungus in the potato was approximately 
determined. A Green Mountain potato which had been inoculated in 
the usual way and allowed to remain at 30° C. for 67 hours was sliced 
open. The fungus was found to have penetrated to a depth of 4 cm. 
from the point of inoculation during this time. The average diameter 
of the cell of the potato, obtained by measuring a large number of cells, 
was found to be 138.74. By calculation the fungus must have passed 
through approximately 288 cells in 67 hours, or at the rate of 1 cell 
every 14 minutes. This calculation does not take into account the 
period of readjustment of the fungus before it begins to grow into the 
tissue of the potato, which is probably appreciable. 

Portions of a potato tuber which had been rotted with P. debaryanum 
were killed, embedded in paraffin, sectioned, and stained.1_ Examina- 
tion of these sections showed that the mycelium was distributed quite 
generally throughout the tissue of the host. It usually passes directly 
through the cell wall (fig. 1, @) and through the lumen of the cell, though 
it was found occasionally between the cells. It branches frequently. 
Where the hypha of the fungus passes through the cell wall, it is markedly 
constricted (fig.1,@). Ward (16), in his work on this fungus, also observed 
that the opening made in the cell wall was smaller than the mean diame- 
ter of thefungushyphe. Rosenbaum (12) shows the same relation between 
cell wall of host plant and fungus hypha in his work with Phytophthora 
cactorum on ginseng. 


INFECTION OF POTATOES FROM SOIL 


It was mentioned earlier in this paper that the disease was observed 
only in potatoes which had been wounded. In inoculation experiments 
it was never possible to cause the disease without first breaking the skin 
of the potato. The wounds observed in the rotting potatoes in the field 
studies had been made when the potatoes were harvested, which leads to 
the conclusion that the organisms causing the leak are probably present 
in the soil and are introduced into the freshly wounded potato in digging. 
To obtain evidence on this point, Petri-dish cultures on corn-meal agar 
were made from samples of the peat soils from various parts of the delta 
potato region. P. debaryanum was found in every case. Inoculations 
were made by inserting some of the soil into holes in the tubers and in 
about 50 per cent of the cases the tubers were rotted. P. debaryanum 
was isolated from the rotted tubers. 

Field tests were made on the effect of wounding the potatoes in dig- 
ging. In these experiments seven sacks, or about 12 bushels, of potatoes 
were harvested. The work was done rather carelessly so that many 
tubers were injured with the digging forks. The sound potatoes were 





1 The writer is indebted to Mr, Charles S. Ridgway, of the Office of Tobacco Investigations, for the mak- 
ing and staining of these slides. They were stained in methylene blue-eosin combination which leaves 
the fungus hyphe bright blue and the cell walls of the host plant red. 
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sorted out and sacked separately, and all the potatoes were stored in 
sacks in a warehouse under about the usual commercial conditions. The 
potatoes were sorted four days later and 65 diseased tubers were found, 
all of which had been wounded. They were sorted a second time eight 
days after digging and 52 more rotten tubers were found. None of the 
unwounded potatoes showed evidences of the disease at any time, and no 
more of the wounded tubers were rotten when they were sorted for the 
last time 15 days after harvesting. ‘Transfers were made from some of 
these rotten tubers to corn-meal agar slants and P. debaryanum was 
obtained in all these cultures. It is evident that this fungus is generally 
present in these peat soils, that inoculations may be made by inserting 
some of the soil in wounds in the tubers, and that potatoes wounded in 
digging frequently become infected. Unwounded tubers are apparently 
not affected with this disease. It would seem probable from these 
experiments that more care in harvesting and sorting out of potatoes 
injured in digging would decrease the losses from this disease. 


OTHER ROTS SOMETIMES MISTAKEN FOR LEAK 


It is quite possible that tuber-rots produced by other fungi may be 
mistaken for potato leak. Two species of Fusarium, F. radicicola Wol- 
lenw. and F. oxysporum Schlecht., which produce tuber-rots of the 
potato are quite common in the San Joaquin potato region. Carpenter 
(5) has shown that either one or the other of these fungi is usually present 
in the jelly-end rot of potato tubers. He has also obtained F. radicicola 
from specimens of rotten potatoes from San Joaquin County, California, 
which were supposed to be affected with leak. The present writer has 
found rotten tubers in consignments of potatoes from California which 
had stood in the laboratory for a few weeks. These potatoes were 
apparently sound upon arrival, with the exception of a few which had 
small rotten spots in the stem end. At the end of a few weeks some of 
the tubers were entirely rotten and very much resembled those in the 
advanced stages of leak. F. radicicola was obtained from several such 
specimens. Neither Pythiwm debaryanum nor Rhizopus nigricans was 
ever obtained. Potato dealers at Stockton and potato growers say that 
the leak may develop after the potatoes have been in storage for a time 
and sometimes after they have been sorted. Under such conditions the 
rot is apparently not due to P. debaryanum nor R. mgricans, but to some 
other organism, probably a species of Fusarium in many instances, as 
in these experiments rots caused by P. debaryanum or R. nigricans were 
usually evident in three or four days. If an inoculated potato was sound 
at the end of a week it was not infected and the potato would remain 
sound indefinitely. The experiments in which potatoes were kept at 
low temperatures are, of course, excepted. It seems quite probable 
then that potatoes affected with rots caused by Fusarium spp. are 
sometimes confused with those affected with leak. 
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DISCUSSION OF RESULTS 


It is evident from the experiments described in this paper and from the 
work that has been done heretofore that R. nigricans rots potato tubers. 
That it is the cause of a rot of potatoes under field and warehouse condi- 
tions has been shown by Orton (10). From the experiments carried 
out in this study, however, it seems that potato leak is most commonly 
caused by P. debaryanum. At least this seems to have been the case 
during the season of 1915. 

When inoculated into potatoes, both fungi rot the tubers either very 
rapidly or not at all. It seems that if the disease is not well advanced 
in a week at 30° C. the potato is not infected. The rots produced by 
these fungi have practically the same general appearance. 

The parasitism of P. debaryanum on seedlings of various plants is too 
well known to require discussion here. That it should be the cause of a 
potato disease of considerable importance is not surprising when the work 
of earlier writers is taken into account. Sadebeck (14), in 1875, reported 
the discovery of a species of Pythium parasitic upon potato plants near 
Coblenz. He considered the fungus to be P. equisett Sadebeck. He men- 
tions finding it on various parts of the plants. That P. equiseti was iden- 
tical with P. debaryanum was later pointed out by De Bary (2). De Bary 
in some of his experiments grew P. debaryanum on living potato tubers. 
Ward (16) also cultivated it on this host and considered potatoes ‘‘. . . a 
very good medium for the cultivation of the fungus.’’ Edson (6) re- 
cently obtained this fungus from rotten potato tubers. No one seems 
to have succeeded in inoculating any part of the potato plant except the 
tuber with this organism. 

That this fungus should cause so much damage to potatoes in the San 
Joaquin delta region is probably largely due to the conditions and methods 
of handling the potatoes in that section. As has been said, the potatoes 
are dug with forks, and many are wounded in the process. Potatoes 
with branches, or “knobs,’”’ are quite common, and these branches are 
usually broken off in harvesting, if the potato is of marketable size, and 
the main tuber retained. Perhaps the broken surface of the tuber is 
rubbed in the soil, “to dry it.’ That these are excellent methods for 
inoculating potatoes with P. debaryanum has been shown. The potatoes 
are sacked as soon as dug. They may then stand in the sun for some 
hours before they are hauled to the car or boat landing for shipment. In 
the car or on the boat the sacks are usually piled up. The humidity 
among these tubers is, of course, high because of the high rate of transpira- 
tion. This, together with the relatively high temperature, offers good 
conditions for the development of any parasitic fungus, such as P. deba- 
ryanum, with which the tubers may have been inoculated. It is quite 
possible that the leak of potatoes would have been reported from other 
localities where either R. mgricans or P. debaryanum are common in the 
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soils if the methods of harvesting and handling and the temperature con- 
ditions were as favorable for the development of these parasites as they 
are in the delta region of the San Joaquin River. 

It is considered by the potato growers of this region that the disease is 
much more common in hot weather. In these experiments it was shown 
that the optimum temperature for growth of the fungus is high (between 
30° and 35° C.) and that the fungus infects the potatoes more readily at 
temperatures near this optimum. At the lower temperatures the per- 
centage of infection is not so high, and the growth of the fungus is re- 
tarded or, as in the case of the experiments at 5°, inhibited while the pota- 
toes remained at that temperature. It would seem then that lowering 
the temperatures of the cars and storage warehouse might retard the 
development of the disease, but that the infected potatoes would rot as 
soon as the temperature was raised. From the data now at hand, icing 
the cars and cold storage of the potatoes would seem to be of doubtful 
value as control measures. The control of the disease seems more likely 
to lie along the lines of better methods of harvesting and handling, as 
Orton suggested (10), and a careful sorting out of all wounded tubers. 


CONCLUSIONS 


In the work described in this paper the conclusion of Ortou that Rhizo- 
pus nigricans Ehrenb. can cause a rot of potatoes has been corroborated. 
This fungus was not, however, isolated in the field experiments from 
tubers affected with leak. A fungus was obtained 49 times in 61 attempts. 
The cultures were made from a different tuber each time. A study was 
made of the fungus and it was found to be Pythiuwm debaryanum Hesse. 
In inoculation experiments this fungus produced a rot typical in all 
appearances to the potato leak, and was readily reisolated from the dis- 
eased tuber. It seems probable that the disease is produced by both R. 
nigricans and P. debaryanum. ‘The latter is apparently more frequently 
the causal organism. 

P. debaryanum was found in soil samples taken from various parts of 
the delta potato region. The disease was produced by inserting some of 
this soil in wounds in the potato tubers and P. debaryanum was isolated 
from these rotted potatoes. Infection apparently takes place in the 
field by some of this infected soil getting into wounds made in digging. 
No cases of infection were observed either under field conditions or in the 
laboratory where the skin of the tuber was unbroken. From the results 
of these experiments it seems that the disease might be controlled by 
more care in harvesting and handling the potatoes and a careful sorting 
out of all wounded tubers. 











July 24, 1916 


Disease of Potatoes Known as ‘‘Leak” 639 





LITERATURE CITED 
(1) Arxinson, G. F. 

1894. Preliminary note on the swarm spores of Pythium and Ceratiomyxa. 

In Bot. Gaz., v. 19, p. 375-378. 
(2) Bary, Anton de. 

1881. Untersuchungen iiber die Peronosporeen und Saprolegnieen und die 

Grundlagen eines natiirlichen Systems der Pilze. In Abhandl. 
G) Senckenb. Naturf. Gesell., Bd. 12, Heft 3/4, p. 225-370, 6 pl. 
3)—— 

1881. Zur Kenntniss der Peronosporeen. In Bot. Ztg., Jahrg. 39, No. 33, 
P- 521-530, pl. 5; No. 34, p. 537-543; No. 35, p- 553-563; No. 36, p. 569- 
578; No. 37, p. 585-595; No. 38, p. 601-609; No. 39, p. 617-625. 

(4) BuTLer, E. J. 

1907. An account of the genus Pythium and some Chytridiacee. In Mem. 

Dept. Agr. India, Bot. Ser., v. 1, no. 5, p. 1-160, 10 pl. 
(5) CARPENTER, C. W. 

1915. Some potato tuber-rots caused by species of Fusarium. Jn Jour. Agr. 
Research, v. 5, no. 5, p. 183-210, pl. A-B (col.), 14-19. Literature 
cited, p. 208-209. 

(6) Epson, H. A. 
1915. Seedling diseases of sugar beets and their relation to root-rot and crown- 
got. In Jour. Agr. Research, v. 4, no. 2, p. 135-168, pl. 16-26. 
(7) HEssE, Rudolph. 

1874. Pythium de Baryanum ein endophytischer Schmarotzer in den Geweben 
der Keimlinge der Leindotter, der Riiben, des Spergels und einiger 
anderer landwirtschaftlichen Kulturpflanzen. 76 p., 2 pl. Halle 
a/S. Inaugural-Dissertation. 

(8) Irtsu, John P., jr. 

1913. The work of the Delta experiment farm in 1912. In U.S. Dept. Agr. 

Bur. Plant Indus. Circ. 127, p. 3-13, 1 fig. 
(9) JoHNSON, James. 

1914. The control of damping off disease in plant beds. Wis. Agr. Exp. Sta. 

Research Bul. 31, p. 29-61, illus. Bibliography, p. 60-61. 
(10) Orton, W. A. 

1909. Decay of potatoes due to Rhizopus nigricans. (Abstract.) In Science, 

N. S. V. 29, NO. 753, p. 916. 





(11) 
1909. Potato diseases in San Joaquin County, California. U.S. Dept. Agr. 
Bur. Plant Indus. Circ. 23, 14 p. 
(12) ROSENBAUM, Joseph. 
1915. Phytophthora disease of ginseng. N. Y. Cornell Agr. Exp. Sta. Bul. 
363, p. 61-106, fig. 2-18. 
(13) SADEBECK, R. 
1874. [Ueber Pythium equiseti.] Jn Verhandl. Bot. Ver. Brandenb., Jahrg. 
16, p. 116-126. 





(14) 
1875. [Ueber Pythium equiseti und dessen Infectionskraft fiir die Kartoffel- 
pflanze.] Jn Sitzber. Gesell. Naturf. Freunde Berlin, Jahrg. 1875, 
p- 148-151. 
(15) SHEAR, W. V. 
1914. Potato growing in the San Joaquin and Sacramento deltas of California. 
Cal. Agr. Exp. Sta. Circ. 120, 11 p., 7 fig. 
(16) Warp, H. M. 
1883. Observations on the genus Pythium (Pringsh.). Jn Quart. Jour. Micros. 
Sci., n. s. v. 23, p. 485-515, pl. 34-36. 








PLATE XC 
Potatoes affected with potato leak: 


Fig. 1, 2.—Natural infection from fork wound; photographed by Dr. W. A. Orton. 

Fig. 3.—Rot produced by inoculation with Pythium debaryanum, 

Fig. 4.—Rot produced by inoculation with Rhizopus nigricans. Inoculation made 
by Mrs, Tillotson. 


(640) 














Disease of Potatoes Known as ‘‘ Leak"’ PLATE XC 





Journal of Agricultural Research Vol. Vi, No. 17 








DIGESTIBILITY OF HARD PALATES OF CATTLE 


By C. F. Lancwortny, Chief, and A. D. Hotes, Scientific Assistant, Office of Home 
Economics, States Relations Service 


The so-called ‘“‘hard palates,’ which are taken from the roof of the 
mouth of beef animals, have not in the past been utilized to any extent 
as food. They contain very little muscular tissue, such as is character- 
istic of meats in general, and possess a ribbed outer surface that is black 
or white in color, very rough, and of an unattractive appearance. 

The microscopic examination of the structural constituents of hard 
palates of cattle reveals a stratified layer of epithelium which is in a state 
of cornification. The extent of this layer is possibly one-sixteenth of the 
entire thickness. The connective tissue portion of the mucous membrane 
consists of a dense feltwork of white fibrous tissue arranged in dense 
interlacing bundles; the individual fibers of the bundles, comprising about 
60 per cent, are matted together as closely as in tendon tissue or sinews 
and are interwoven with about 20 per cent of elastic (erectile) fibers, 19 
per cent of involuntary muscle, and about 10 per cent of looser fibrous 
tissue attaching the mucous membrane to the periosteum. This looser 
tissue contains a small amount of fat and very few glands. 

A chemical examination of hard palates showed that when freshly pro- 
cured they have the following composition: Water, 71.0 per cent; protein 
(N X 6.25), 22.2 per cent (or protein by difference, 16.6 per cent); fat, 11.8 
per cent; and ash, 0.6 percent. The high protein content suggested that 
this material might be of value forfood. Since little, if any, experimental 
evidence is available regarding the thoroughness of digestion of such tissue 
when eaten in quantity, a number of experiments were undertaken at the 
suggestion of the Bureau of Animal Industry to determine the digesti- 
bility of hard palates by human subjects. This means for practical pur- 
poses the digestibility of the nitrogenous material present, since the pro- 
portion of fat supplied by the cooked hard palates is small. 


COOKING HARD PALATES 


The material for study was obtained from a local abattoir and sup- 
plied to the Office of Home Economics by the Bureau of Animal Indus- 
try. Before the digestion experiments could be undertaken, it was 
necessary to find some way of cooking and serving the hard palates 
which would make it possible to eat them in quantity. At first the 
attempt was made to put the raw material through an ordinary house- 
hold meat cutter with the idea that it might then be fried in small cakes, 
like Hamburg steak, but the material was so firm and tough that it 
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could not be minced in this way. Accordingly it was decided to cook 
the palates before trying to mince them, and tests showed that after 
boiling for two or three hours they could be easily minced with a meat 
cutter and that so prepared the texture as well as the flavor was not 
disagreeable, particularly if the palates were combined with other food 
materials. 

The average composition of the cooked palates was found to be as 
follows: Water, 71.1 per cent; protein (N X 6.25), 21.8 per cent (or protein 
by difference, 22.3 per cent) ; fat, 6.3 per cent; and ash, 0.3 percent. The 
material used for analysis weighed before cooking 1514 ounces and after 
cooking 14 ounces, the total loss therefore being only 114 ounces. As 
will be noted by referring to the percentage composition of the raw 
material, the boiled palates had, in round numbers, only one-half the 
fat, one-half the ash, and nine-tenths the protein content of the fresh 
material. As found by analysis, 50.0 per cent of the ash, 46.6 per cent 
of the fat, and 11.3 per cent of the protein originally present were 
removed by cooking. In general, the observed effects are in accord 
with Grindley’s observations! that, except for a lowered fat and ash 
content and the removal of some soluble nitrogenous material, cooked 
meat has very much the same proximate composition as it has raw. 

The water in which the palates were boiled did not look at all like 
that in which beef is cooked, but was white in color and not unlike milk 
in appearance. The character of the nitrogenous constituents present 
was not studied in detail, but preliminary tests indicated that gelatin 
predominated, with traces of coagulable albumin, globulin, and primary 
proteoses. 

Some attention was given to the hard palate fat which floated to the 
top of the liquor in which the palates were boiled. This hardened on 
cooling and was purified by remelting several times to remove the sedi- 
ment. ‘The product had a deep-yellow color, a mild flavor, and an 
appearance suggesting butter, though rather more granular. It was 
found to have a melting point of 34° C., an iodin number of 52.53, and 
a refractive index of 1.4586.2 The amount obtained was not sufficient 
for further study. 

The cooked palates had a mild and not unpleasant flavor and in 
appearance resembled cooked gristle or connective tissue rather than 
lean meat, this resemblance being noticeable even when the material 
was finely ground. It was apparent that the cooked palates would be 
much more acceptable as the principal constituent of the experimental 
ration if prepared in some savory form, and meat cakes and meat 
loaf naturally suggested themselves as possibilities. The meat cakes 





1 Grindley, H. S., and Mojonnier, Timothy. Experiments on losses in cooking meat, 1900-1903. U.S. 
Dept. Agr. Office Exp. Stas. Bul. 141, p. 94. 1904. 

2 Information regarding the structure and composition of the hard palates and the chemical nature of 
the material extracted during cooking was supplied by the Bureau of Animal Industry. 
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did not prove satisfactory, having, when thoroughly cooked and 
well browned, a flavor suggesting that of scorched or burned gristle or 
bone. On the other hand, meat loaf made according to a common house- 
hold recipe and containing in addition to the hard palates some flour, 
butter, and onions, and sweet herb, salt, and pepper as seasoning was 
found to be satisfactory for the purpose. The flour served to bind the 
material together so that the loaf would retain its shape and could be 
sliced without crumbling, while the butter improved both the texture 
and the flavor. 
EXPERIMENTAL RATION 

Experience has shown that the normal individual eats more heartily 
of a food material if it forms a part of a mixed ration than if it is the 
only food served for several successive meals. Accordingly, with the 
meat loaf made from hard palates, a uniform basal ration simple in 
character (crackers and butter, boiled potatoes, and tea or coffee with 
sugar but no milk or cream) was served. A basal ration which obviously 
contained only a minimum amount of protein was selected, in order that 
the hard palates might supply the greater part of the protein of the 
experimental diet. In making a quantity of the meat loaf sufficient for 
a three-day digestion experiment for four subjects the following quan- 
tities were used: Boiled hard palates finely minced, 1314 pounds; flour, 
1 pound; butter, 4 pound; onions, 3 of medium size; and seasoning (sage, 
salt, and pepper to taste). 


METHODS OF DIGESTION EXPERIMENTS 


Four subjects who had gained experience in this type of work in the 
study of the digestibility of other foods assisted in this investigation. 
They were young men of medium weight and of good health, mod- 
erately active, and sufficiently informed through previous experience to 
appreciate the importance of observing accuracy in following all direc- 
tions given them. 

Asis evident from a consideration of their composition and the amounts 
eaten, hard palates supplied only a small part of the total fat of the 
experimental ration and a very little ash. Furthermore, since little, if 
any, carbohydrate was present in the hard palates, it follows that inter- 
est centers on the digestibility of protein, since this is the only food 
constituent which they provide in quantity. 

Experience has shown that it is desirable to supply a food constituent 
in generous proportions in order that the calculated coefficients of digesti- 
bility may not be masked by unavoidable errors incidental to the methods 
followed. To make sure that the amount of protein eaten was generous, 
a fairly large allowance of the meat loaf made from hard palates was 
served at each meal and the subjects were urged to eat all of it. At the 
same time, as already noted above, only a limited amount of protein 
was obtainable from other sources. 


42720°—16——2 








644 Journal of Agricultural Research Vol. VI, No. 17 





As regards the experimental details, the methods followed in studying 
the hard palates were similar to those previously reported with other 
foods.’ As no attempt was made to maintain body weight or to approxi- 
mate a nitrogen equilibrium, the quantity of the entire ration to be 
eaten was not stipulated. The feces occurring from each experimental 
period, as indicated by charcoal markers, were collected and dried to 
remove the water. Samples of foods eaten were retained for analysis 
and all analyses of foods and feces were made by the methods described 
by the Association of Official Agricultural Chemists.’ 

In order to determine the digestibility of a single food contained in a 
mixed diet, it is necessary either to determine the digestibility of the 
basal ration and to apply the proper correction to the values obtained 
for the digestibility of the total diet, or to estimate the undigested 
residue occurring from the various constituents of the diet by means of 
coefficients previously determined, and to make proper allowance for 
this undigested material. The latter method has been followed in this 
instance and the method of estimating the digestibility of the protein 
of the meat loaf alone is indicated by the following equations: 

[Weight of protein in potato, crackers, and butter] x [Percentage of 
undigested protein occurring in each]=[Weight of undigested 
protein present in feces derived from basal ration]. 

[Total undigested protein in feces]—[Undigested protein in feces 
from basal ration]=[Undigested protein occurring from meat 
loaf]. 

[(Total protein of meat loaf)—(Undigested protein from meat 
loaf)]|+[Total protein of meat loaf]=[Estimated percentage 
digestibility of meat loaf alone]. 

On the basis of determinations by previous investigators the coef- 
ficients assumed in these equations for the digestibility of the protein of 
the potatoes, crackers, and butter are 83 per cent,* 93.8 per cent,* and 
97 per cent,’ respectively. 

In Table I are recorded the essential experimental data of the digestion 
experiments with hard palates, including the total weight of food eaten, 
the nutrients furnished, the weight of feces, the undigested nutrients 
therein, the percentage of the different nutrients digested, and the esti- 
mated digestibility of the protein of the meat loaf. 





1 Langworthy, C. F., and Holmes, A. D. Digestibility of some animal fats. U.S. Dept. Agr. Bul. 310, 
22p. 1915. 

2 Wiley, H. W. Official and provisional methods of analysis, Association of Official Agricultural Chem- 
ists. As compiled by the committee on revision of methods. U.S. Dept. Agr. Bur. Chem. Bul. 107 (rev.), 
272 p., 13 fig. 1908. Reprinted in ror2. 

8 Atwater, W. O., and Bryant, A. P. The availability and fuel value of food materials. Jn Conn. Storrs 
Agr. Exp. Sta. 12th Ann. Rpt., 1899, p. 104. 1900. 

4 Woods, C. D., and Merrill, L. H. Studies on the digestibility and nutritive value of bread at the Maine 
agricultural experiment station, 1899-1903. U.S. Dept. Agr. Office Exp. Stas. Bul. 143, p. 33. 1904. 
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TABLE I.—Resulis of digestion experiments with hard palates of cattle in a simple mixed 








































































































diet 
Weight | | Carb 
Item. of ba Water. | Protein. | Fat. ha wl Ash. 
| 
| | 
a or 334 (subject H. | 
} 
Hard palates (in form of 
Meat IAs)... oss. gm..} 1,309 | 749.3 | 317.4] 141.2 71.4 29. 7 
BMMED. oo cesececccce cfc D Ty teal O67e9 31.1 1.2 | 259.6 12.4 
CHACKCIG,. «0-005 000.60: gm.. 670 40. 0 56. 5 96.5 | 472.3 4-7 
NEN -ReceCa cc ore ws gm.. 261 | 28.7 $5.6) 4 Oilvcwenses 7.8 
| re eS ee ee, SONS ne) eee 
Total food consumed, 
gm. weer --| 3,695 |1,755-7 | 407-6] 460.8 |1, 016. 3 54. 6 
Feces. . j ; —_. : | Seeeaner 72.3 18. 8 32.1 12.8 
Amount utilized . a eee eerie 335:3 | 442.0| 984.2 41.8 
Digestibility of entire ra- | 
Li eee DEF COG sf ofcisin ceedings canes | 82.3] 95.9] 96.8] 76. 6 
Estimated digestibility of | 
meat loaf...... WOR COME. fo wis cnidheswneces Ee) err Corer ee ee 
oe 335 (subject D. | | 
Hard palates (in form of | 
MEGEIOES) «0.0.5 60.06 gm..} 1,327] 759-6] 321.8] 143.2 72.3 30. I 
WOUND i5 60i65-sca-chees gm..| 1,232 | 9302 30. 8 1.2] 257.5 12. 3 
CUMCMORs 6.5 cee cus gm.. 661 39: 5 55-8 95-2 | 465.9 4.6 
Vo Ae ee re gm.. 313 34: 4 Co ae | Sees 9: 4 
WOME wdsrcxcev ne totues gm.. BE eco nnes: fe idetenss eee ae |} I20.0]........ 
Total food consumed | | 
GMeietiwlassnateneens 3, 644 |1, 763.7 411.5 | 505.7 | 906.7 56. 4 
Feces. ‘ ee 908. Fe eden | 54- 5 21.0 20.0 9. 5 
Amount utilized. fo Oem Serene | 357-0] 484.7 | 886.7 46.9 
Digestibility of entire ra- | 
MR a ihasaes WOR CO hi ccc icesfieuscces 86. 8 95-8 | 97-8 83. 2 
Estimated ae of | | | 
Meat Woal... .. POP COME. .|. occ es cfossa cows | Cl Oe AEE | arene 
a ar ee 336 gabden R. 
L.S 
Hard palates (in form of 
meat loaf). . -gm..} 1,329] 760.7] 322.3] 143.4 72.4 30. 2 
Potato. ...... 00000. ++.8M.. 1,275 | 962.6 31.9 1.3 | 266.5 12.7 
CREME se cccneceses gm.. 291 17.4 24. 6 41.9 | 205.1 2.0 
NEO snes sceeine snes gm.. 208 22.9 2.1 ph 9) eee 6. 2 
POURS 6.65.03 ¥ecnd dais < es Geb cices. Jeveteeeefeseee ee | Ras 
Total food consumed, | 
BM. cides cccccsscccscces| 35272 [2,703:61 g8a9 | 363.4) 68g. 0 §t2 
Feces ...... ..gm.. | re | 32.8 15.9 13. 4 7.9 
Amount utilized... a Sones Paeeweerarire? 348.1 | 347-5] 599.6 43.2 
Digestibility of entire ra- | 
Le percent...|... Pr aties ads 91.4|} 95.6} 97.8 84. 5 
Estimated digestibility of | | | 
meat loaf..... HOR CUMGs <hess ss ecdkewsene. RET Sere ere) Serer? 
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Tas_e I.—Results of digestion experiments with hard palates of cattle in a simple mixed 






























































diet—Continued 
ees | 
Item. ef ar | Water. | Protein. | Fat. BS Ash. 
i 337 (subject O. 
"ha palates bes form of 
meat joat)..........@im..| 2,652 | Gosa| 255.5] 153.5 57:3 23.9 
BIND visi 5415 6 sted gm..| 1,126] 850.1 28. 2 re | 236-3 5t.3 
CRORES, once 60 50 0 gm.. 525 S13 44. 3 oc.6 | 370.5 2.9 
a eae gm.. 258 28.4 B.C) BRO F lacsnsccs ; oe 
Ee io5cecustes soca ent MI | vis dais lari. waa ieee: 7 An | ae 
Total food consumed 
“eer eran 3, 428 |1, 512.0] 330.2] 409.5 |I, 129. 7 46. 6 
BEQOR. .6c5 eee Serre 41. 4 3u.7| 147 10. 2 
Amount utilized. parked NS ere: Peete 288.8 | 377.8 |1, 115.0 36.4 
Digestibility of entire ra- 
TIO. <a esiog sce BEROONE lis asc r slerinen ners 87. 5 92. 3 98. 7 78.1 
Estimated digestibility of 
meat loaf..... POOR cls cosi5.50%easicvins's Sd earring | eae | Hema ie 
Experiment 342 (subject H. 
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Hard palates (in form of 
meat loaf)..........@m..| 1,312 | 755.2] 3362) 1185 86. 8 15. 3 
PGI. os cc ceicccone Res) SSIS) OER TZ 30. 4 ra | 264% $2.2 
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Total food consumed 
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TABLE 1.—Results of digestion experiments with hard palates of cattle ina simple mixed 
diet—Continued 






























































reiche | . ra 
Item. | y eight | Water. | Protein. | Fat. | Rs ot Ash. 
| | 
| — 
Experiment 345 (subject O. | | 
E. S.): 
Hard palates (in form of | | | 
meat loaf)......... gm..| 1,296] 746.0] 332.1] 117.0 5-7 5.2 
LO eee gm..} 1,009 | 761.8 25:2 1.0 | 210.9 | o.1 
CS) rs gm. .| 345 23.8 27.9 46.2 | 244.3 2.8 
BRUNER 665060416 deceic se Os 104 a 1.0 ae | 3.1 
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Total food consumed, | | | 
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Feces. ooo. so2 2: 8m. es Brcwennes 45-3 20. 4 22.1 10. 2 
Amount utilized..... PO Sere Seer ee 340.9 | 232.2] 858.8 21.0 
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persubject perday.gm..| 1,129 | 563.7 | 1309] 127.3 | 291.8 | 14.9 
SUMMARY 
Digestibility of entire ration (per cent). | Estimated 
digesti- 
Experi- bility of 
ment Subject. ‘ protein 
No. Protein. Fat. R= wl Ash. Ft mc mod 
(per cent). 
Bae Els Me EW sstscsccceasascacess sf (Seed 95-9 96. 8 76. 6 80. © 
Aa fe is Od ON cose ns haan Skeieieoairel SOONG 95.8 97.8 83. 2 86. 8 
330 SS SS Se gl. 4 95. 6 97.8 84. 5 gI.9 
Gare OR Mi eit icen vismcns cana cee cmd 87. 5 92. 3 98. 7 78. 1 86. 7 
SABLE ROG Div rics xccdenscascsSexap. aed 94. 4 97-7 74. 1 85.8 
Ee > > SE eee mmrnmr tag. 96. 4 97.2 81. 2 88. 5 
BAG WOR Mey Oiciccs ai veswevnetcrce x 88. 2 91. 9 97: 5 67. 3 88. 2 
POTN os sctckchiveeee 87. 3 94. 6 97.6 77.9 86. 8 























The average amount of food eaten per subject per day was 1,129 gm. 
which furnished 564 gm. of water, 131 gm. of protein, 127 gm. of fat, 292 
gm. of carbohydrates, and 15 gm. of ash. The uniformity of values 
obtained in the different experiments for the digestibility of the carbo- 
hydrates and the close agreement of the average value, 97.6 per cent, 
with the value, 97 per cent, given for the digestibility of carbohydrates 
in the ordinary mixed diet! would indicate that care had been observed 
in the collection of the feces. ‘The digestibility of fat is of interest, in 
that practically all of the fat of the diet was obtained from the butter, 





1Atwater, W. O. On the digestibility and availability of food materials. Jn Conn. Storrs Agr. Exp. 
Sta. r4th Ann. Rpt., 1901, p. 245. 1902. 
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part of which was present as a constituent of the meat loaf and a part 
as a constituent of the basal ration, supplying in all approximately 125 
gm. of fat per subject per day. This was 94.6 per cent assimilated, 
which for all practical purposes is identical with the digestibility of 
butter found in a previous investigation,’ 93.9 per cent. 

Inasmuch as the subjects were allowed to eat of the basal ration 
according to individual preferences, the energy value of the diet was not 
uniform. It was found, however, that the subjects eating as much as 
they wished received, on an average, 3,265 Calories daily, calculated from 
the average daily consumption of protein, fat, and carbohydrates, and 
the factors ? commonly used in the determination of fuel values. In view 
of the fact that over 130 gm. of protein, largely supplied by the meat 
loaf, and over 3,200 Calories of energy were consumed daily, it is apparent 
that the ration was eaten with relish. 

The digestibility of the total protein of the diet was found to be 87.3 
per cent. The meat loaf supplied 82 per cent of the total protein con- 
sumed, a much larger proportion than is ordinarily furnished by the 
meat portion of a meal; consequently, greater accuracy is possible in 
estimating the digestibility of the protein contained in the meat loaf. 

The digestibility of the protein of the meat loaf alone, 86.8 per cent, 
differs little from the value of the digestibility of the entire ration. This 
is due partly to the rather complete assimilation of the protein of the 
basal ration and partly to the relatively small amount of protein derived 
from this source. The value, 86.8 per cent, represents the digestible pro- 
tein of the meat loaf, but it should closely approximate that for the 
protein of the hard palates, since in the preparation of the loaf the pro- 
portions used were 13.5 parts of hard palates to 1 part of flour. An 
allowance may be made for the flour by assuming the protein from this 
source to be 93.8 per cent * digestible. From the results of this investi- 
gation, accordingly, it would seem that the protein of hard palates which 
have been thoroughly cooked is somewhat less thoroughly assimilated 
than that of the common cuts of meat.‘ 





1 Langworthy, C. F., and Holmes, A. D. Digestibility of some animal fats. U.S. Dept. Agr. Bul. 310, 
22p. I9I5. 

2 Atwater, W. O., and Bryant, A. P. The availability and fuel value of food materials. Jn Conn. Storrs 
Agr. Exp. Sta. rath Ann. Rpt. 1899, p. 104.- 1900. 

8 Woods, C. D., and Merrill, L. H. Studies on the digestibility and nutritive value of bread at the Maine 
agricultural experiment station, 1899-1903. U.S. Dept. Agr. Office Exp. Stas. Bul. 143, p. 33. 1904. 

4 Grindley, H. S., Mojonnier, Timothy, and Porter, H.C. Studies of the effect of different methods 
of cooking upon the thoroughness and ease of digestion of meat at the University of Illinois. U.S. Dept. 
Agr. Office Exp. Stas. Bul. 193, roo p. 1907. 











SOME PROPERTIES OF THE VIRUS OF THE MOSAIC 
DISEASE OF TOBACCO 


By H. A. ALLARD, 


Assistant Physiologist, Tobacco and Plant Nutrition Investigations, 
Bureau of Plant Industry 


INTRODUCTION 


Several theories have been advanced to explain the physiological origin 
of the mosaic disease of tobacco (Nicotiana tabacum.) Independently, 
Woods (20)! and Heintzel (10) came to the conclusion that oxidizing 
enzyms are responsible for the disease. Hunger (11) did not accept the 
enzymic theory of the mosaic disease but considered that unfavorable 
conditions of growth produced specific toxins within the plant which led 
to the appearance of the disease. The writer (1) has secured data which 
do not lend support to the physiological origin of the disease, but indicate 
that it is dependent upon specific infection. 

Further studies of the properties of the expressed sap of mosaic plants, 
termed the “virus” of the disease, have thrown considerable light on 
the nature of the infective principle and its relation to some of the 
enzymic properties of the sap of diseased plants. 

Woods (20) and other workers following him have attributed the origin 
of the mosaic disease to oxidases and peroxidases existing normally in 
healthy tobacco plants. Since it is a question of fundamental impor- 
tance to determine whether or not such enzyms are the primary cause of 
the disease, their relation to infection has been more fully investigated. 
All data at hand indicate that infection does not depend upon the presence 
of oxidases or peroxidases, but upon an infective principle which is not a 
normal constituent of the sap of healthy plants. These conclusions rest 
upon the fact that methods have been found by which the infective 
principle may be separated from the oxidases and peroxidases present in 
the sap of mosaic plants, as shown in the experimental work. 


FILTRATION EXPERIMENTS WITH THE VIRUS OF THE DISEASE 


FILTRATION THROUGH THE LIVINGSTONE ATMOMETER POROUS CUP 


Earlier investigators have shown that the virus of the mosaic disease 
of tobacco passes through the Berkefeld (normal) filter without losing its 
infectious properties. The writer’s experiments substantiate these re- 
sults, as shown in Table I, although there is strong indication that the 
virus becomes attenuated and is less infectious when filtered in this 





1 Reference is made by number to “ Literature cited,’’ p. 673-674. 
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way. The writer has been unable to obtain the finer pored Berkefeld or 
Pasteur-Chamberland bougies of the same type because of the European 
war. By using the Livingstone atmometer porous cup, however, a 
method of filtration has been devised which has given very interesting 
results. The construction of this apparatus is shown in Plate XCI. The 
extracted sap is first filtered through filter paper to remove all suspended 
material. The clear dark-amber solution is then filtered through the 
porous cup under reduced pressure (approximately 3 inches of mercury). 
After passing through the atmometer, the virus has completely lost its 
infectious properties, yet an intense peroxidase reaction is given with 
guaiac and hydrogen peroxid.' 


TABLE I.—Infectivity of the mosaic virus after it has been filtered through the Living- 
stone atmometer porous cup in 1915, 10 Connecticut Broadleaf plants having been used 
tn each test 




















: : : : Date of 
yr Enzymic reactions Enzymic reactions | : 
Virus used. hance treatenent. Treatment. alias teeatanaat. —- Result. 
Virus X"6,...... Intense peroxi- | Untreated............ Intense peroxi- | Nov. 9 | 8 mosaic. 
dase, intense dase, intense 
catalase. catalase. 
ee Pores a Filtered through pa- |..... Mi avashewcacn ne ass Do. 
per only. | 
RES! [rere MO cs wiveseree Filtered through at- |..... We si wivene ay ...do....; All healthy. 
mometer. 
I Bis occ cuncudvaabacasleaapsnn ne tecdd exes cornibeelphedscal teenbeee rr eee Do. 
trol). | 
Virus KF......05 Intense peroxi- | Filtered through pa- | Intense _peroxi- | Nov. 24 | 4 mosaic. 
dase, weak cata- | ber only. dase, weak catz- 
lase. lase. 
Virus X%, por- |..... I case: wien een | Filtered through at- | Intense peroxidase|...do....| All healthy. 
tion A. | mometer, taken 
| | after filtering 2 hours. 
Virus X%, por- |..... eee eee | Filtered through at- |..... WBS iiisccksten ee ee Do. 
tion B. | | mometer, taken af- 
| ter filtering 1 hour. 
Virus X%, por- |..... 7 reer erie ere Sarr RG ss nxccnwenien — er: Do. 
tion C. | 
Virus X*, por- |..... OS i sictbalc teen ee Gc datencdceehiaweed i casadcvaas — oe Do. 
tion D. | | 
Dap water (C00 |o.5.0060ccc0se000e. aoe Adaneaen biee SMe Pema ns assinceseuinet nenen ress Do. 
trol). | | 
1 








FILTRATION THROUGH POWDERED TALC 


Numerous experiments have shown that the infective principle of the 
mosaic disease of tobacco may be completely removed by filtering the 
virus through powdered talc. 

In these experiments (Table II) Hirsch’s porcelain funnel, having a 
diameter of 9 to 10 cm. and furnished with a stationary perforated disk, 
was used. A disk of hard filter paper was placed over this disk to retain 





1 Woods used the guaiac and guaiac hydrogen-peroxid tests giving the blue coloration for the determina- 
tion of oxidases and peroxidases in the extracted sap of tobacco plants. Since the oxidase theory as ex- 
pressed by Woods was based upon results secured with these tests, the same tests were used in the writer’s 
experiments. The terms “intense,” “strong, weak,”’ etc., have been used to designate the relative 


” 46 


intensity of the blue coloration. An ‘“‘intense’’ peroxidase reaction is one giving at once an intense indigo 
blue. ‘The term “strong’’ indicates that the blue coloration is not as deep, and appears more slowly. The 
term “ weak”’ denotes a light-blue coloration. 
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the talc, which was mixed with water and poured upon the paper. This 
filter must be very carefully made, as bubbles and cracks which may 
form as a result of shrinkage due to drying during the process of making 
render the results unreliable. Filtration was accomplished by means of 
a reduced pressure of approximately 3 inches of mercury. 


TABLE II.—I nfectivity of mosaic virus after having been filtered through different thick- 
nesses of powdered talc, U. S. P., in 1915 





























. : } Peroxi- | Num- 

; or eny ; ‘ ; | dase re- | Date of | ber of 
Virus used. | “arr Material used for inoculation. | actions | inocula- | plants Results. 

| filtering | after tion, inocu- 

; | filtering. lated. 

Pe avcvanes | Intense ..| Filtrate from r-inch tale............ Intense | Mar. 6 20 | All healthy. 
Do..... eee eee Residue on surface of above talc.....|...do....!... ee 10 | 7 mosaic. 
WO I ba vicccccvculycoveneccsscunksacrawisacadesceer«npadlwcuceneses a ee 10 | All healthy, 

(control). | 
, re Intense ..| Filtrate from 1-inch talc............. Intense | Mar. 21 20 Do. 
| oa ee See Residue on surface of above talc.....|... ae a 10 | 8 mosaic. 
We EE No cdcaccnasatsnadcaleconeerebsnadeenctanseuuaatesnt ore ae 10 | All healthy. 
(control). 
na Intense . .| First portion of filtrate from 134-inch | None....| Apr. 29 10 Do. 
talc; color light amber. 
eee aca ces Second portion of above filtrate 2 |...do....|...do.... 20 Do. 
hours later; color darker. 
BGs... tesa Residue on surface of above talc..... Intense .|...do... 20 | 19 mosaic. 
pe — Se Filtrate from 74-inch tale............ Strong ..|...do.... 10 | All healthy, 
oe pion e<tnmene MURA audan did «duukacaee+eceucncadelons eA le 10 Do. 
i) a oe Filtrate from 2-inch tale............ ay Cee Sr ae 10 Do. 
RE Bis ciaxicsiddeslnn tx xaweurddadadewskegeadaasessudes ene ere ee 6G <'s 10 Do. 
(control). 
Brvvresins Intense . .| First portion of filtrate from 14 inch | None....| Apr. 30 10 Do. 
talc; color light. 
ee lice sree as Second portion of above filtrate; | Intense .|...do.... 10 Do. 
| color very dark. 
Do.....)...do.....| Residue on surface of above talc.....'.. Gis <5: eee 10 | 10 mosaic. 
resi oskied Pee First portion of filtrate from 14-inch | None....|...do....| 10, All healthy. 
talc; color light. 
1 I Pe [er Residue on surface of above talc..... Strong..]...do.... 20 | 9 mosaic, 
ikkcsas ee See Filtrate from 1-inch talc.............)... do....| May 4 10 | All healthy. 
| ee Aa vias Residue on surface of above talc..... | See ae 10 | 8 mosaic, 








{xperiments (Table III) have shown that thick layers of talc, by 
adsorption, remove all the peroxidase from the pure virus. If no peroxi- 
dase reactions are shown, or if these reactions have been appreciably 
weakened, such filtrates have always lost their infectious properties. By 
reducing the amounts of talc, however, the peroxidase content may be 
increased until limits are reached beyond which the infective principle 
also passes into the filtrates. In some of the writer’s filtration tests the 
first portions of the filtrate, giving intense peroxidase reactions, possessed 
no infectious properties, while the last portions contained the infectious 
principle of the disease. By using known quantities of powdered tale 
and constant quantities of different concentrations of virus, it is readily 
shown that the peroxidase content of the filtrates is not definitely related 
to infectivity. The Hirsch porcelain funnel was used as in preceding 
talc filtration tests. The virus was first filtered through paper to remove 
suspended material. All dilutions were made with distilled water. 
Filtration was accomplished by means of a reduced pressure of approxi- 
mately 3 inches of mercury. 
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TaBLe III.—Infectivity of mosaic virus after filtering constant quantities of different 
concentrations through weighed amounts of powdered talc, U. S. P. 









































Peroxidase Time “ Peroxidase | Number 
Strength of virus after dilution | reactions | Quantity io ee reactions | of plants Result 
with distilled water. before fil- | of tale, | toMter | after file | inocu- esults. 
tering. eo tering. lated. 
solution. 
Gm. | Minutes. 

soc. c. of undiluted virus......... a ee) , eee: Intense... 20 | 15 mosaic. 

| eee re | 36 30 Weak..... 10 | Allhealthy. 

SOs whsnensnacGaacbarrns 45803 18 20 Intense... 10 Do. 
50 c. c. of 60 per cent virus......... ieee 18 9 Strong... 10 Do. 
50 c. c. of 46 per cent Virus.........].... os i, SS. 10 | 9 mosaic. 

ER ae ree 18 6 | 1o | Allhealthy. 
50 c. c. of 20 per cent virus.........].... 18 (6) 10 Do. 
50 c. c. of 4 per cent Virus.......... . 38 |....@0 ne Io Do. 
50 c. c. of 56 per cent Virus......... 9 9 Strong.... 10 Do. 
50 c. c. of 24 per cent Virus......... 9 (b) Weak..... 10 Do. 
50 c. c. of 20 per cent virus......... nana 9 5 Very weak 10 Do. 
50 c. c. of 4 per cent virus.......... cae 9 4 None...... 10 Do. 
soc. c. of undiluted virus......... Intense... .| 9 15 Intense... 10 Do. 
50 c. c. of 10 per cent Virus......... Strong....| 45 8 Weak..... 10 Do. 
soc. c. of 4 per cent virus..........]....do..... | 4:5 5 None...... 10 Do. 
soc. c. of 5 per cent virus.........]....do.....} 2-3 2 Good...... 10 Do. 
50 c. c. of 3 per cent virus.......... | ee | 2-3 1% | None...... 10 Do. 
50 c. c. of 2 per cent virus.......... Good...... | I-1 a | ee 10 Do. 

| 
@ Paper only. b Not timed. 


These results indicate that the infective agents producing the mosaic 
disease are readily arrested by means of the talc filter. Likewise, it is 
shown that filtered solutions giving intense peroxidase reactions are no 
longer infectious. 


PRECIPITATION OF THE VIRUS WITH ETHYL ALCOHOL 


Experiments have shown that the infective properties of the mosaic 
disease are quickly destroyed by the higher strengths of ethyl alcohol. 
Although a strength of 80 per cent appears to destroy the infective prop- 
erties of the virus in half an hour, the peroxidase continues to give strong 
reactions with guaiac and hydrogen peroxid. In various experiments 
the enzyms have been precipitated in solutions of virus of sufficient 
alcoholic strength to destroy its infective properties. The virus was first 
passed through filter paper to remove all material in suspension. This 
gave a clear, dark, wine-colored solution, which was then made up to 
different alcoholic strengths with absolute alcohol. 

In the first test virus X", giving intense peroxidase and catalase 
reactions, was used. On November 1, 1915, 200 c. c. of this virus were 
made up to a 75 per cent alcoholic strength with absolute alcohol. On 
November 2 the solution was filtered and the precipitate air dried to 
remove the alcohol. On November 3 the residue remaining was taken 
up with 5oc.c. of distilled water. Of the filtrate, 750 c. c. were then evap- 
orated to dryness at room temperature, from November 2 to November 4. 
This filtrate contained neither peroxidase nor catalase. After evapora- 
tion, the amber-colored residue, which is readily soluble, was taken up 
with distilled water. 

Ina second test the highly infectious virus X”, giving intense peroxidase 
reactions but no reaction for catalase, was used, and 4oo c. c. of this virus 
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were made up to an alcoholic strength of 80 per cent with absolute alcohol. 
This solution was prepared on November 6, 1915, and allowed to stand 
until November 8, when the precipitate was collected by filtration and 
evaporated to dryness at room temperatures. This residue was taken up 
with 100 c. c. of distilled water. The original filtrate was also tested for 
peroxidase and likewise by inoculation. 

Since earlier experiments have shown that the infective principle is 
not destroyed in alcoholic strengths of 45 to 50 per cent for several days, 
precipitation tests were also made with these strengths. Of virus X”, 
used in the preceding test, 160 c.c. were made up to a 50 per cent alcoholic 
solution with absolute alcohol on November 6, 1915. A portion of the 
supernatant, clear solution was then siphoned off very carefully without 
disturbing the heavy, flocculent precipitate below. The precipitate was 
then collected on filter paper and freed from alcohol at room tempera- 
tures on November 8 to November 10. This residue was then taken up 
with 100 c. c. of distilled water (Table IV). 


TABLE IV.—Infectivity of mosaic virus after having been precipitated in 75, 80, 50, 





and 45 per cent alcoholic solutions 


























ber of 
. Alcoholic Enzymic reactions | P&T © ; 
Virus used. strengths. Treatment. cartes. — Result. 
lated. 
Per cent. 
x6, 75 | Precipitate evaporated dry and | Intense peroxidase, 10} Allhealthy. 
taken up with so c. c. of water. intense catalase. 
i en 75 | Filtrate from above evaporated | No peroxidase, no 10 Do. 
dry and taken up with water. catalase. 
Pi wicusd Meesevusaue Original, untreated virus............ Intense peroxidase, 20] 17 mosaic. 
intense catalase. 
RU I Civ ieee verubians «coveksandcddcslund waneqgeestiwscuielsacedeuaceenasad 10} Allhealthy. 
only (con- 
trol). 
) re 80 | Precipitate evaporated dry and | Intense peroxidase 10 Do. 
taken up with roo c. c. of water. 
Bc cixcene 80 | Filtrate from above not evaporated. .| No peroxidase.... 10 Do. 
, eee er eer 35 c. ¢. original virus evaporated dry | Intense peroxidase, 10] 5 mosaic. 
and taken up with 2o0c. c. of water. no catalase. 
NE Bids hciderudawins aba ciaceccs ¢ieede vans tniddacocdbeacecsuadacddusents 10] Allhealthy. 
only (con- 
trol). 
Medavssswes so | Precipitate evaporated dry and | Strong peroxidase. 10| 9 mosaic. 
taken up with roo c. c. of water. 
ere so | Supernatant solution siphoned off ~Miiekek anaes 10| All healthy. 
from above precipitate and not 
evaporated. 
4s | Precipitatenot filtered or evaporated .| Intense peroxidase to | 9 mosaic. 
45 | Second portion of unfiltered precipi- |..... Giiecncssceceus 10 | 10 mosaic. 
tate, 15 c. c. diluted with 15 c. c. of 
water. 
Wissccnas 45 | 200 c.c. of precipitate evaporated dry |..... Qivasisaccevci 10 Do. 
and taken up with rsoc. c. of water. 
i 45 | Supernatant solution siphoned off, | Strong peroxidase 10 | Allhealthy. 
but not filtered or evaporated. 
RR osckawe 4s | Supernatant solution siphoned off |..... Misceicicacnei 10 Do. 
and filtered through paper only. 
eer 45 | 15c¢.c. of unfiltered supernatant solu- |..... Diiteisaseiaved 10 Do. 
tion diluted with 15 c. c. of water. 
Bios s cceus 45 | 1,000¢. c. of filtered, supernatant solu-|..... Gitvidianvasns 10 Do. 
tion evaporated dry and taken up 
with 400 c. c. of water. 
Was cvcaualewiencsces Original virus untreated, but diluted | No peroxidase..... 10 | 8 mosaic. 
to r part of virus in 500 parts of 
water. 
INE Sin 00:20 ees Op agnad dn easkVaomkse andes ncaeaeiiawscuseencedocenases 10 | All healthy. 
only (con- 
trol). 
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In the next experiment a 45 per cent alcoholic solution of virus was 
made up with virus X* as follows: 825 c. c. of this virus, which had 
been previously filtered through filter paper, were shaken with 675 c. c. 
of absolute alcohol on January 14, 1916. On January 15 the clear, 
supernatant solution was siphoned off. A portion of this was filtered 
through hard filter paper and a second portion was left unfiltered. Of 
the unfiltered portion 15 c. c. were also diluted with 15 c. c. of distilled 
water. On January 15, 1,000¢. c. of the supernatant solution which had 
been filtered through paper were set aside in a large, shallow dish to 
evaporate. On January 20 the dry residue was taken up with 4o0 c. c. 
of distilled water, which gave a somewhat conga concentration than 
the original virus. (See Table IV.) 

After decanting off as much of the supernatant solution as possible, 
the heavy, semiliquid precipitate, or sludge, was treated as follows: A 
portion was left unfiltered; a second portion was diluted by adding 15 
c. c. of distilled water to 15 c. c. of the sludge. In addition to this, 200 
c. c. of the sludge were placed in a beaker to evaporate to dryness at 
room temperatures on January 15. The dry residue was taken up with 
150 c. c. of distilled water on January 17. Inoculation tests were now 
made with the virus after undergoing the various treatments outlined 
above in connection with precipitations with ethyl alcohol. 

From Table IV it will be seen that the infective principle of the virus 
has been completely destroyed in the 75 per cent and 80 per cent alco- 
holic solutions, although the precipitates continued to give intense reac- 
tions for peroxidase. In these strengths precipitation of the peroxidase 
was complete, as the supernatant solutions gave no reaction for this 
enzym. 

In the 45 per cent and 50 per cent alcoholic solutions, the infective 
principle was not appreciably injured. The infective agent, however, 
appears to have been carried down with the heavy, flocculent precipi- 
tates, leaving the supernatant solutions free from infective properties. 
Owing to the fact that the peroxidase remained in solution, the super- 
natant solutions continued to give strong peroxidase reactions. Accord- 
ing to Chodat and Bach (7), the oxygenase in the sap of a species of 
Lactarius could be largely precipitated by 40 per cent alcohol, while the 
peroxidase remained in solution. 

The writer’s experiments indicate that concentrated solutions of per- 
oxidase precipitated by strong alcohol from the sap of mosaic plants will 
not produce infection in healthy plants. Furthermore, the writer has 
carried out successive re-solutions in water and re-precipitations with 
alcohol in order to obtain purer solutions of peroxidase. Such solutions, 
however, have never produced infection, although giving intense reac- 
tions for peroxidase and in some instances for catalase. 
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TREATMENT OF THE VIRUS WITH HYDROGEN PEROXID 


Experiments have shown that certain quantities of hydrogen peroxid 
(U.S. P., 3.10 per cent) may be added to the virus of the mosaic disease 
without destroying its infectious properties. By treating the virus with 
different quantities of hydrogen peroxid, it is possible to find concentra- 
tions which destroy the peroxidase and at the same time leave little or 
no free hydrogen peroxid in the solution. Schdnbein (19, p. 474) and 
likewise Bach and Chodat (2, p. 603) have observed that while peroxidase 
activates small amounts of hydrogen peroxid, large amounts of hydrogen 
peroxid destroy the peroxidase (Table V). 

These results show that hydrogen peroxid may destroy the peroxidase 
in the virus without destroying its infectious properties. Although such 
solutions no longer give peroxidase reactions, they may retain their 
infectious properties for a long time. If the quantity of hydrogen per- 
oxid is considerably increased beyond that concentration which is suffi- 
cient to destroy all the peroxidase, hydrogen peroxid remains in excess 
in the solution and the virus sooner or later loses its property of infection. 

Chodat (6, p. 642-645) and other investigators have shown the definite 
relations existing between peroxidase, hydrogen peroxid, and the oxida- 
tion products. It has been shown that for constant quantities of per- 
oxidase, the oxidation products increase directly with the amount of 
hydrogen peroxid present, within certain limits, until all the peroxidase 
is combined or used up. 

The quantity of hydrogen peroxid required to destroy the peroxidase 
varies greatly, depending upon the composition of the virus. If the 
virus evolves little or no oxygen upon the addition of hydrogen peroxid, 
a very small quantity of this reagent destroys the peroxidase. 

From Table V it will be seen that a very small quantity of hydrogen 
peroxid (3.1 per cent, U. S. P.) destroyed the peroxidase in virus X”*. 
As the quantities of hydrogen peroxid were increased, a point was reached 
where the excess was sufficient to kill the infective principle of the virus. 
If a considerable excess is present in solutions of virus for any length 
of time, such solutions lose their green or brown color and become pale 
or almost as clear as water in some instances. With the addition of 2 
c. c. of hydrogen peroxid to 23 c. c. of virus X”°, a small excess of hydro- 
gen peroxid was noticeable for several days, but this later disappeared. 
It has been observed by Bach and Chodat (3, p. 173) that if a mixture 
of peroxidase and hydrogen peroxid is allowed to stand for some time, 
both disappear from the solution by mutual interaction and destruction. 
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TREATMENT OF THE VIRUS WITH FORMALDEHYDE 


Although formaldehyde destroys the infective principle of the virus 
in certain concentrations, peroxidase is not appreciably injured for a 
considerable time at much greater concentrations. Loew (15, p. 20) 
has shown that the peroxidase of tobacco is unaltered in a 5 per cent 
solution after 48 hours. It appears that some oxidases also are very 
resistant to formaldehyde. Kastle (13) found that the oxidase of the 
mushroom Lepiota americana is not destroyed by a 40 per cent formic- 
aldehyde solution which is allowed to act for several days. In the 
writer’s test (Table VI), the peroxidase of tobacco was not appreciably 
changed in 1 per cent solutions of formaldehyde after standing 30 days. 
In these tests a 37 per cent U. S. P. solution of formaldehyde was used, 
All concentrations were made on the assumption that 2.5 c. ¢. of this 
solution contained about 1 gm. of formaldehyde. The virus was filtered 
through paper to remove all suspended material. To subject the virus 
to a certain strength of formaldehyde, a water solution of formaldehyde 
just twice as strong as desired for the virus was made up. Equal parts 
of this solution and the virus were then mixed, thus bringing the formal- 
dehyde strength down to that required for the virus. In this way the 
virus was uniformly diluted to one-half its original strength in all con- 
centrations of formaldehyde. 


TaBLeE VI.—Infectivity of the mosaic virus after 31 days’ treatment with formaldehyde 
in 1915, 10 plants having been used in each test 























: : Strength of for- 7 : 
we Enzymic reac- : : Date Enzymic reac- Date 
= tions before — de pre- tions after inocu- Result. 
usec. | treatment. a | oe treatment. lated. 
X20, nel Intense perox- | 1: 100............ Nov. 17 | Intense peroxidase,| Dec. 18 | All healthy. 
| idase. Dee. 17. 
ee oe RS 0:0: vex Le ee ee ee eee BB bee = os Meccan Do 
Seen BRE ee EPMRD cave saunas Ae ee ee do. . Hs cas Do. 
ee | Sana con kien Se ee oS a Ea do.. . Do. 
ee bs swwal do SM aaa nnecace ..do. do.. + oe I mosaic 
OR ees a wail Divas skon het See . .do. |--- IE EE RS 0. 
ae TORS SES CPR a caxccns Se ae “See, 7 mosaic. 
Dicsnce ee - NAea. Ty ee SRS Posen ER): Be ROR 5 Mosaic. 
Ds sin ae eee Untreated....... on ey ee hr, Saeee 9 Mosaic. 
NS IE ee OF ERR Gtr RET Te any ieee Sie ae Se All healthy. 
(control). | 

















Experiments carried out in 1914 with unfiltered virus treated with 
the same strengths of formaldehyde and tested 32 days later gave prac- 
tically the same results. In these tests the virus still retained its infec- 
tious properties in that solution which contained 1 part of formaldehyde 
in 1,000 parts of virus solution. All stronger solutions had lost the 
power to produce infection. 
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TREATMENT OF DRIED MOSAIC MATERIAL WITH ETHER, 
CHLOROFORM, AND OTHER SOLVENTS 

In the following experiments dried and ground mosaic material, desig- 
nated as X™, was used. The original green leaves were harvested on 
August 31, 1915, and dried in the air. For each solvent the procedure 
was as follows: Ten gm. of air-dry material were extracted with 7oc. c. of 
extractive for two days. ‘This solution was then filtered through paper 
and 35 c. c. of the filtered solution were set aside in a small beaker to 
evaporate at room temperatures. The residue left after evaporation 
was brought into 5 c. c. of distilled water and used for inoculation. The 
original residue, X"’, left after filtering off the solvent, was then thor- 
oughly dried at room temperatures and macerated with 50 c. c. of dis- 
tilled water in a mortar. Ten c. c. of the extract were used for inocula- 
tion. In this way the infective properties of the extract and of the 
original material from which this extract was obtained could be compared. 

The process was somewhat different with glycerin, as this is not read- 
ily evaporated. After extracting 10 gm. of the dry material for two 
days the glycerin extract was pressed out and filtered through hard 
paper under reduced atmospheric pressure. Of the filtered solution 40 
c. c. were then made up to 800 ¢. c. with distilled water, giving a 5 per 
cent glycerin solution, which will produce no injury when inoculated 
into tobacco plants. After filtering off the glycerin extract the original 
X'5' residue was then subjected to pressure to remove as much glycerin 
as possible and was then macerated in a mortar with 5oc. c. of distilled 
water. The results obtained for each solvent are shown in Table VII. 
TaB_e VII.—Effect of digestion with ether, chloroform, and other solvents upon infec- 


tivity of mosaic material X'* dried at room temperatures in 1915, 10 plants having been 
used in each test 




















me . Date Peroxidase Results of 
Sutseit weed Period of ayer rm taken up| reaction inoculating 
’ ? extraction. evancials with after treat- | plants Oct. 19, 
E ‘ water. ment. 1915. 
Residue X" after digestion with | Oct. 6 to 8...) Oct. 8 to 16....} Oct. 16 | Very weak. .| 8 mosaic. 
ether. 
Ether extract of KR... ... 2.220. -[eo0e ee Oct. 8 to r2....} Oct. 12] None........ All healthy. 
Residue X'8 after digestion with |..... Me vines Oct. 8 to 16....| Oct. 16 | Very weak. .| 10 mosaic. 
chloroform. 
Chloroform extract of X'8... A ee eee Oct. 8 to 12....] Oct. 12 | None....... All healthy. 
Residue X!% after digestion with |..... GOs cwias Oct. 8 to 16....| Oct. 16] Very weak. .} 5 mosaic, 
carbon tetrachlorid. 
Carbon tetrachlorid extract of X'¥.|..... ee Oct. 8 to 12....| Oct. 12 | None........} All healthy. 
Residue X!8 after digestion with |..... [ae Oct. 8 to 16....| Oct. 16 | Very weak. .| 10 mosaic. 
toluene. 1 
Toluene extract of X'8..... sBivcas ee | Oct. 8 to 12....] Oct. 12 | None........| All healthy. 
Residue X'3 after digestion with |..... GRisciss Oct. 8 to 16....} Oct. 16 | Very weak. .| 8 mosaic. 
acetone. 
Acetone extract of X'8. ..........)..... ee Oct. 8 to 12....] Oct. 12 | None........ All healthy. 
Residue X!3 after digestion with | Oct. 8 to 10..| Oct. 10 to 16...| Oct. 16 | Weak....... Do. 
ethyl alcohol. 
Ethyl alcohol extract of X"......|.....do...... Oct. 10 to 13...} Oct. 13 | i ee Do. 
Residue X'3 after digestion with |.....do...... Oct. 10 to 16...| Oct. 16 | Very weak.. Do. 
methy] alcohol. | 
Methyl alcohol extract of X'3.....|.....do...... Oct. 10 to r5...| Oct. 15 | None....... Do. 
Residue X after digestion with |.....do...... Not evapo | Oct. 16} Very weak. .| 6 mosaic. 
glycerin. rated. 
Glycerin extract of X%3....... ee Re Senta +3 aves Oo a, vec: ro mosaic. 
Residue X after digestion with |.... Me isu Oct. 10 to 16...] Oct. 16}..... Gkcexs Do. 
water. 
Water extract of X'3............ Jeers eee Not evapo- | Oct. 11 | Good........| 8 mosaic. 
rated. 
Tap water (control)........... ee: Sine: “Oe Rist ncendennies All healthy. 











42720°—16——3 











660 Journal of Agricultural Research Vol. VI, No. 17 





In the test with glycerin the material to which the glycerin had been 
added was subjected to maceration and pressure in order to obtain the 
extract. A later experiment would seem to indicate that if the glycerin 
extract is poured off without subjecting the residue to maceration or 
pressure the extract will contain little, if any, of the infectious principle. 
In this experiment 10 gm. of the same X™ material were used. This 
material, however, was dried over sulphuric acid in a desiccator from 
November 8 to November 23, 1915. On November 23, 80 c. c. of glyc- 
erin were added and allowed to stand until November 27, when the dark- 
colored extract was merely poured off and filtered through hard paper 
under reduced atmospheric pressure. Solutions containing 8 and 20 per 
cent of the extract were made, distilled water being used to dilute the 
glycerin. 

The dry material from which the glycerin extract had been poured off 
was now washed with 100 c. c. of distilled water. This was poured off 
and filtered through hard paper, and the material was again washed with 
380 c. c. of distilled water. This solution was also poured off and filtered 
through hard paper. The original leaf material, which was now fairly 
free from glycerin, was macerated with 25 c. c. of distilled water. The 
results of testing the above solutions and material for peroxidase and 
infection are given in Table VIII. 

TABLE VIII.—Results of inoculations with dried material X' digested with glycerin in 
1915, 10 plants having been used in each test 











: ‘ Peroxidase reaction after | Date in- 

Material used. teeatinelit. | cculated. Result. 

i r oo JNov a1 x - 
8 per cent glycerin extract..............ssseeees No peroxidase. ... \Dec. 15 Dec. 16 | 1 mosaic, 
20 per cent glycerin extract....... er Eee ere Ae do...} All healthy. 
205 C, C, Water Galton (irat WASHING). ..........05).6 6 EOr cc scrcercccscsesenser Be a'd.ed do...] 1 mosaic. 
380 c. c. water solution (second washing) .......).....0O.....c.cecccesseveeecs La preroia do...} 4 mosaic. 

y 2 . 

Residue X™ macerated with 25 c.c. H2O....... | Weak peroxidase. .{h0v" ri \. ...do...] zo mosaic. 
Tap water only (control)..........sccecccsceecs Re errs ets: Pad do...| All healthy. 








In order to compare the results with dried mosaic material, green 
mosaic leaf material was also treated with ether, chloroform, and water. 
For each solvent 25 gm. of finely cut and macerated green mosaic material 
were used. The quantity of solvent used was about 100 gm.—that is, 
140 c. c. of ether, 80 c. c. of chloroform, and 100 c. c. of distilled water. 
These solvents were added to the green material and shaken on October 
20. On October 21 all the solution that could be poured off was then 
filtered through hard paper and set aside in beakers to evaporate in the 
air. Of the filtered ether solution 115 c. c., and of the chloroform solu- 
tion 55 c.c., were obtained. After evaporation, the residues left from the 
ether and chloroform solutions were each placed in 5 c. c. of distilled 
water. The leaf material from which these solutions had been obtained 
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was again dried at room temperatures and macerated with 20 c. c. of dis- 
tilled water. The results of inoculation experiments with this material 
are shown in Table IX. 


TABLE IX.—I nfectivity of green mosaic leaf material after digestion with ether, chloroform, 
and water, October 20 and 21, 1915, 10 plants having been used in each test 




















7 : Date : 
Time required alee . tiates at - | Results of inoc- 
Material used. forextractto | a ad t a after di- ulating plants 
evaporate. ter | , Oct. 25, 1915. 
es | | 
| | 
Green residue after digestion | Oct. 21 to 23..... | Oct. 23 | Intense peroxidase, Oct. 25..| 10 mosaic. 
with ether. | | 
Ether solution from above... | Oct. 21 to 22..... | Oct. 22 | Good peroxidase, Oct. 25....| 6 mosaic. 
Green vs after digestion | Oct. 21 to 23..... | Oct. 23 | Intense peroxidase, Oct. 25..} 10 mosaic. 
with chloroform, 
Chloroform solution from |..... | Sree Aree Cee eee Seer rer err err err ry 9 mosaic. 
above. | 
Green residue after digestion |..... Oi ccccevestacwde do...| Good peroxidase, Oct. 25....| 10 mosaic. 
with water. | 
Water solution from above. ..| Not evaporated. | Senigate cai | Intense peroxidase, Oct. 25.. Do. 
MR NE COI 0 oa (ase Poscececansexsvenedixacavacncslanesccdedradacectdltendeanacnen All healthy. 
| | 





From Table IX it is evident that the infective principle of the virus 
was not killed in the ether or chloroform solutions. From similar experi- 
ments Clinton (8, p. 415) believed that ether and chloroform could ex- 
tract the virus from the green leaves to some extent without injury to 
its infectious properties. 

However, from the fact that green crushed material contains a large 
amount of water, it is very probable that some of this water containing 
the infective principle passes into the ether or chloroform solutions. Such 
solutions would represent little more than mixtures of virus and ether, 
etc. Although the infective principle and likewise peroxidase appeared 
in the ether and chloroform solutions when green material was used, 
these did not appear in ether or chloroform extracts made with dry 
material. 

The fact that the infective principle, or even enzyms, appeared in 
solutions obtained by adding ether, chloroform, toluene, etc., to green 
material does not justify the conclusion that such substances are soluble 
in these solvents. Kastle (13, p. 16), working with the oxidases of Lepiota 
americana, found that if toluene is added to portions of the fresh fungus, 
some of the oxidase passes into the toluene layer. He says: 

Whether the perfectly dry oxidase is soluble in toluene remains to be proved. It 
may be, of course, that it is the water which is dissolved in the toluene which really 
takes the oxidase into solution. 

Various experiments have shown that the infective principle of the 
mosaic disease of tobacco is not readily destroyed by ether, chloroform, 
toluene, or carbon tetrachlorid. Although ether or chloroform vapors 
quickly kill the green leaf, the infective principle in a mosaic leaf killed 
in this way remains uninjured after several hours’ treatment. Likewise 
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virus solutions to which several cubic centimeters of ether, chloroform, 
or toluene have been added did not lose their infectious properties after 
several months. Carbon tetrachlorid also appears to be quite as inert 
when added to virus solutions. In a test with this material, 3 c. c. 
were added to 22 c. c. of virus. The supernatant virus, when tested one 
month later, was quite as infectious as the untreated. 

In other experiments the mosaic sap has been evaporated to dryness 
at room temperatures in beakers and the residue treated with ether for 
several days. Under such conditions, however, the residue is only slightly 
soluble in the ether and there remains a heavy, gummy, more or less 
impermeable mass. When the ether was evaporated and the residue 
again taken up with the original amount of water, the solution was still 
infectious. 

Although Clinton (8, p. 415) states that the virus can be preserved 
for a long time by adding to it a small amount of toluene, the writer’s 
experiments indicate that the virus will retain its infectious properties 
almost indefinitely without the addition of toluene. With no preserva- 
tive whatever added, the bottled virus was highly infectious when tested 
from 12 to 15 months later, although putrefaction had taken place. 


TREATMENT OF VIRUS WITH PRECIPITATES OF HYDROXIDS OF 
ALUMINUM AND NICKEL 


Precipitation of the virus of the mosaic disease of tobacco by alcohol 
in 45 and 50 per cent strengths indicates that the precipitate carries down 
the infective principle, leaving the supernatant solution without infectious 
properties. Similar precipitation experiments have been carried out, 
using aluminum sulphate and nickel sulphate in alkaline solutions of 
virus to obtain the insoluble hydroxids of these metals. In order to 
obtain approximately 1 gm. of aluminum hydroxid in the precipitate 
aluminum sulphate and sodium hydroxid were added according to the 
following equation: 


Al,(SO,)3.18H,O+6NaOH=3 Na,SO,+Al,(OH).+18H,0. 
4.26gm. 1.53gm. 2.72 gm. I gm. 


The procedure was as follows: On December 1, 1915, 100 ¢c. c. of virus 
X*, which had been filtered through paper to obtain a clear solution, 
were made up to 1,000 c. c. with distilled water, thus diluting the virus 
but 10 times. First, 4.3 gm. of aluminum sulphate dissolved in a small 
quantity of water were added to the virus solution and shaken. Then 
1.5 gm. of sodium hydroxid, dissolved in a small ‘quantity of water, 
were added and the entire solution shaken and set aside. A very heavy 
flocculent precipitate of aluminum hydroxid was at once formed. This 
gradually settled, leaving the supernatant solution perfectly clear. On 
December 2 the solution was tested with litmus paper and gave a slightly 
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acid reaction. On this date the greater portion of the clear super- 
natant solution was carefully siphoned off. After pouring off as much 
of the remaining supernatant solution as possible, the semiliquid pre- 
cipitate, or sludge, was bottled. The clear supernatant solution, as well 
as the sludge, gave intense peroxidase reactions. 

As seen from the equation, the treatment of the original virus solution 
involves the formation of 2.7 gm. of the soluble salt (sodium sulphate) 
or 1 part in 370 of solution. 

As a control to this there was prepared on December 1 a solution of 
virus of the same dilution as the original, containing 6 gm. of sodium 
sulphate per 1,000 c. c. of solution, or approximately 1 part of sodium 
sulphate in 303 parts of solution. It will be noted that this concentra- 
tion is somewhat higher than that obtained in the reaction to produce 
1 gm. of aluminum hydroxid. 

The preparation of the nickel-sulphate solution, involving the forma- 
tion of 2 gm. of nickel hydroxid, was carried out in the same manner as 
for the aluminum hydroxid. The results of inoculations made with the 
supernatant solutions and precipitates of aluminum hydroxid and nickel 
hydroxid are given in Table X. 


TABLE X.—Effect of aluminum hydroxid and nickel hydroxid upon the infectivity of 
mosaic virus, 10 plants having been used in each test. Material prépared on December 
I, 1915 











oe Enzymic reaction | Result of inocu- 
Material tested. after treatment. lating plants. 
Inoculations made on December 16, rors: 
Semifluid aluminum hydroxid precipitate.................. Intense peroxidase, | 1 mosaic. 
Dec. 15, 1915. 

Dc cvardekesunecsececcnincenersdduadarasavesvaceumageerbecsel eb acuuswdadsavas 3 Mosaic. 
Supernatant solution from above precipitate. ...............)..... Ms ss cwieuengaeas All healthy. 
Semifluid nickel hydroxid precipitate. ................0 cece cleeeee Mtecccedakeacauns Do. 
Supernatant solution from above precipitate. ..............-|...6. tat cantacdesvens Do. 
Sodium-sulphate-virus solution (1 part sodium sulphate in |..... dnccconsteactes ro mosaic. 

303 parts of solution). 

NS irae n <ainn dae sana’ ccna need ganwnaud dans idenecesewadecdeanne MRS ctauiudeaadane Do. 
Original virus X* used in above tests, untreated............]..... Es daccdgauevwnced 4 mosaic. 
FE WEE CIs 6 dase cron evnrcteccndxcdusesevuneneccondcesieedceedécdéucaseuceaens All healthy. 

Inoculations made with above material on January 18, 1916: 
Semifluid aluminum hydroxid precipitate.................. Intense peroxidase, | 6 mosaic. 
Jan. 17, 1916. 

Supernatant solution from above precipitate. .............ee/eee0- is cecseunsaacan All healthy. 
Semifluid nickel hydroxid precipitate. ..................0e0e)eeeee Pi Hacsanenentins I mosaic. 
Supernatant solution from above precipitate. ...............Jeeees MT <nclsndandaceess All healthy. 
Original virus X“ used in above tests, untreated............J..... Wk osucaveneuaes 10 mosaic. 
Wigs WRAGE COOMUNON es 56sec Cccdeteracinescrenuauunannes@auatincetndauvedauaccanuiues All healthy. 








From the results of Table X it is quite evident that the infective 
principle of the virus was carried down with the aluminum hydroxid 
precipitate, leaving the supernatant solution free from infectious prop- 
erties. Since the treatment with nickel sulphate appears to have 
destroyed the virus entirely, it is possible that nickel salts are more 
toxic to the infective principle than the salts of aluminum. 
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EFFECT OF HEAT UPON THE VIRUS OF THE MOSAIC DISEASE 


Several investigators have noted the effect of heat upon the virus of 


the mosaic disease. 


temperatures of 65° to 75° weakened it. 


Mayer (17, p. 451) found that continued heating at 
60° C. did not perceptibly change the infectivity of the virus, but that 


Its infectious properties were 


completely destroyed when the virus was heated for several hours at 80°. 


TABLE XI.—Effect of heat upon the infectivity of undiluted solutions of mosaic virus 
heated without previous filtering, in 1915, 10 plants having been used in each test 





Virus 
used. 


Enzymic reaction | 
before treatment. | 


Date and nature of 
treatment. 


Enzymic reaction after 
treatment. 


Date in- 


oculated. Results. 





te 


ee ae 
oe ee 
a 


Do.. 


Do.. 


Do.. 


ae eee 


Control 


Do.. 


DB diecnd 


Oe eer 


Control 





Intense peroxidas 


Strong peroxidase. 


Intense peroxidase 





Strong peroxidase. 


Heated 15 minutes at 
82°C. in test tube sus- 
pended in beaker of 
water, Nov. 23 

Boiled 1 minute in test 
tube, Nov. 23. 

Boiled 5 minutes in test 
tube, Nov. 23. 

Boiled 10 minutes in test 
tube, Nov. 23. 

pc 

Heated 10 minutes at 
85°C. in test tube sus- 
pended in beaker of 
water, Dec. 2. 

Heated 15 minutes at 
85°C., Nov. 23; again 
heated 7 minutes at 
88° C., Dec. 3. 

Heated 10 minutes at 
go° C. in test tube sus- 
pended in beaker of 
water, Dec. 2. 

Heated 1o minutes at 
os°C.in test tube sus- 
pended in beaker of 
water, Dec. 2. 

Heated 1 to 2 minutes at 
100° C. in test tube 
suspended in beaker 
of water, Dec. 2. 

eer 

Tap water and healthy 
juice, untreated. 

Heated 5 minutes at 85° 
C. in test tube sus- 
pended in beaker of 
water, May 8. 

Heated 5 minutes at 87° 
C. in test tube sus- 
pended in beaker of 
water, May 8. 

Heated 5 minutes at 88° 
C. in test tube sus- 
pended in beaker of 
water, May 8. 

Heated 5 minutes at 90° 
C. in test tube sus- 
pended in beaker of 
water, May 8. 

Heated 5 minutes at 91° 
Cc. in test tube sus- 
pended in beaker of 
water, May 8. 

Heated 5 ininutes at 93° 
C. in test tube sus- 
pended in beaker of 
water, May 8. 

Heated 5 minutes at 95° 
C. in test tube sus- 
pended in beaker of 
water, May 8. 

ee 

Tap. water and healthy 
juice, untreated. 





Good anes Nov. 
24. 


Weak 
Nov. 24. 


peroxidase, 


Intense peroxidase, 
Nov. 24. 

Fair ‘saeion Dec. 
3- 


No peroxidase, Dec. 4. 


Weak peroxidase, Dec. 
3- 


Very weak peroxidase, |... 


Dee. 3. 


Fair peroxidase, Dec. 
3. 


Intense peroxidase, 
Dec. 3. 

=. 
Dec. 

— satenideen, Sey 


peroxidase, 








Very faint peroxidase, 
May 8. 
| 


Intense peroxidase, 
May 8. | 

Strong peroxidase, 
May to. 


Nov. 24 | 10 mosaic. 

.| All healthy. 
Do. 
Do. 





8 mosaic. 
3 | 9 mosaic, 


Dec. 4/ Allhealthy. 


Dec. 3 Do. 


4 | 8 mosaic. 
| All healthy. 


May 10 | 9 mosaic. 


| § mosaic. 
pean I mosaic. 


All healthy. 


> mosaic. 


All healthy. 
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Iwanowski (12) and, likewise, Beijerinck (4) found that heating the 
virus to the boiling point destroyed its infectious properties. 

According to Koning (14, p. 71-86), who heated the diluted virus in 
closed tubes, it remained infective when heated 10 minutes at 80°, 5 
minutes at 90°, and 5 minutes at 100°. 

Woods (20, p. 17-19) believed that the sap of mosaic plants remained 
infectious to some extent after it had been boiled, owing to the fact that 
peroxidase was regenerated in the solution. 

The writer’s experiments indicate that the infective principle of the 
virus is quickly and permanently destroyed at temperatures near the 
boiling point, although such solutions may again show good peroxidase 
reactions. In these tests, in which the test tube containing the virus was 
suspended in a beaker of heated water, the virus was kept at room tem- 
peratures until immersed. The test tube was immersed when the tem- 
perature in the beaker had begun to exceed the required point. Owing 
to the small quantities of virus used, the temperatures in all instances 
were very quickly brought up to the desired height. 

The infective principle of the disease withstands much higher tem- 
peratures when the dried mosaic leaf material is subjected to dry heat. 
In the following experiments the air-dried mosaic leaves were finely 
ground and dried over sulphuric acid in a desiccator from October 8 to 
the date of heating. For each test 5 gm. of this powdered material 
were heated in an electric oven, then macerated and extracted with 25 
c. c. of distilled water. The results shown in Table XII were obtained. 


TABLE XII.—Effect of heat upon the infectivity of dried mosaic leaf material in 1915, 
10 plants having been used in each test 













re | Period of heating. Enzymic reaction after treatment. —- Results, 
| 
Oct. 1x5 | 34 hour at 90° C..........0cceeee Fair peroxidase, Oct. 22.......... Oct. 23 | 10 mosaic. 
eR ye ene Trace peroxidase, Oct. 22.........)... ae Do. 
Tink. «| COME OE 168 .. icecccncccoskencs Clie cushasiaainadedsadudeieben’ do....| 7 mosaic. 
pg eee ed es eee. ihidindsdenaeeadicwacdadidsatoks do....| 9 mosaic. 
Do...) beet 106" ES}... pc nciccences. No peroxidase, Oct. 22...........!...d0... ‘| 7 mosaic. 
| Dry material, unheated......... Fair peroxidase, Oct. 22..........!.. do... ro mosaic. 
Be hkl. ee eer ee re ee ..do....| All healthy. 
Wor. § | 6 ROU OE 240. C....occccccccccces | No peroxidase, Nov. 1o........... Nov. 12 | Do. 
Dinsct Pe RE BO Gv cc nevus ci cnwasledes Glin 65g ccdxbeusadawnnvéxensdulied ye Do. 





Heating experiments were again carried out, using the virus after it 
had been evaporated to dryness in small beakers. For each test 40 
c. c. of undiluted and unfiltered virus X"* were allowed to evaporate by 
exposure to the air on October 10, 1915. On November 4 the beakers 
containing the air-dried residues were heated in an electric oven. After 
being heated the residues were immediately taken up with 30 c. c. of 
distilled water. 
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TaBLe XIII.—Effect of heat upon the infectivity of mosaic virus which has been evapo- 
rated to dryness at room temperatures in 1915, 10 plants having been used in each test 





Date | Date in- 


eri patina * ic reacti ¢ > rez . 
heated. Period of heating. Enzymic reaction after treatment. | 


| oculated. Results. 








| 
| 
Fair peroxidase, Nov. 11 \Nov ca) Atiheaieheys 


| 
ac {Fair ¢ catalase, Nov. 11 


Nov. 4] % hour at 100° C 


Pi en J No peroxidase, Nov. 11........... \ 
D0. k PE RE OE £IO” Cvs c esis vescvccs WovatalaseNoviit...........c ae eee Do. 
Dd: 1 OER SNS Cosi os ciscacrcsesaocsed ee ci BLG ae NN ep MERKC BARCEL G0... Do. 
D0. «5 Se A i 6c bssissenicsewavslacnes 5 CERT ORE reer ee MB ow ox Do. 
Original virus evaporated air- babene peroxidase, Nov. 11........ \ a : 
dry, but not heated. Intense catalase, Nov. 11 a ca 











From the data in Table XIII it is evident that the evaporated virus 
solution lost its infectious properties much more quickly than the dried 
and ground mosaic leaf material. Likewise, the peroxidase was some- 
what more quickly destroyed in the evaporated material. Although the 
presence of small amounts of moisture in the air-dried residue of the 
evaporated virus may have hastened the destruction of the infective 
principle in this material, it is also possible that the infective principle is 
better able to withstand high temperatures when allowed to remain 
within the tissues of the leaf. 

Although the virus with which Koning (14, p. 71-86) worked appears 
to have withstood temperatures as high as 100° C., the virus with which 
the writer*worked is very quickly destroyed at temperatures above 90°. 
In some instances, however, the virus has been rendered noninfec- 
tious at a temperature 10 degrees lower than this. These results were 
obtained with the virus designated as X™*, This virus was extracted 
from tobacco plants on September 20, 1915, and bottled until used on 
October 18, 1915. Although the unheated virus was highly infectious, 
the infective principle was destroyed after heating for 5 minutes at 80°. 
It was also destroyed when heated for 2 minutes at 81°. Although the 
original, unheated virus gave intense reactions for catalase and peroxi- 
dase, the catalase was completely destroyed in these tests. Weak peroxi- 
dase reactions, however, were again shown the next day. 

As Woods (20) has shown, there is frequently a return of peroxidase 
activity in solutions of virus that have been once heated. This activity 
does not appear to return immediately after cooling, but usually requires 
some hours for its return. Woods considered that the enzyn was de- 
stroyed in such solutions but a resistant zymogen again generated more 
of the peroxidase after cooling. On the other hand, Hasselbring and 
Alsberg (9) were led to believe from their experiments that a zymogen 
might not be present, but that the enzym was included and protected in 
the coagulum and subsequently leached out on standing. 

By heating the virus several times at 85° C., the writer has been able 
in some instances to destrey completely the peroxidase present without 
destroying the infective principle. The highly infectious virus desig- 
nated as X° and showing intense peroxidase reactions was treated as 
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follows: Heated 10 minutes at 85° on December 2, 1914. Cooled at 
once. A fair peroxidase reaction shown on December 3. Again heated 
10 minutes at 85° on December 4, and cooled at once. Weak peroxidase 
reaction shown December 5. Again heated 10 minutes at 85° on De- 
cember 5 and immediately cooled. Very weak peroxidase reaction was 
shown on December 16, when it was again heated for the fourth time for 
15 minutes at 85°. When used for inoculation on December 28, no 
peroxidase reaction was shown. The virus was still highly infectious, 
however, and produced the mosaic disease in 9 out of 10 plants. 


EFFECT OF LOW TEMPERATURES UPON THE VIRUS 


After having been frozen for periods varying from one to four hours 
at —12°C., the extracted sap of mosaic plants still retained its infectious 
properties unchanged. It likewise retained its original virulence after 
having been exposed outdoors during the entire winter of 1915 and 
allowed to freeze and thaw repeatedly. In recent experiments liquid air 
was used to freeze the virus, and a temperature of approximately — 180° 
was reached. The results are given in Table XIV. 


TABLE XIV.—Effect upon infectivity of freezing fresh mosaic sap to —180° C. by means 
of liquid air in 1916, Io plants having been used in each test 
& 

















. | | 
Time ex- : | . Result of inoc- 
: Peroxidase reac- Peroxidase reac- : 
Material used. pent &. tion before freezing. | tion after freezing. oo 
| 
| | 
| Minutes. | 
Original virus, utifrozem.......ccccslecccoccevces DU WO Bina vib a wncacdentintdec 10 mosaic. 
Original virus, frozen Jan. 31r....... | | a =e Intense, Feb. 1.... Do. 
Duplicate of above. ................ ne a Sere RS ac-waxcnes Pe |. Re Do. 
Tap waterand healthy sap, unfrozen | havoueacuees | sawed MOK a ocnescuetbecdevacuarexenxcanud All healthy. 





These tests indicate that the infective principle of the mosaic disease 
of tobacco is highly resistant to extremely low temperatures. 


DISAPPEARANCE OF PEROXIDASE IN MOSAIC VIRUS WITHOUT LOSS 
OF INFECTIOUS PROPERTIES 

It has been observed in several instances that unpreserved solutions 
of virus, as well as dried and ground mosaic material, may -lose their 
peroxidase activities and still retain infectious properties. This hap- 
pened with dried and ground mosaic leaves bottled in December, 1912. 
This material showed fair peroxidase reactions on January 28, 1915, but 
no reactions for peroxidase in October, 1915. At this time the virus 
still retained the power to produce infection. 

In another instance a bottle of unpreserved virus which was extracted 
on April 27, 1914, failed to give peroxidase reactions on December 3, 
1914; yet at this time was highly infectious, producing the disease in 9 
plants out of ro inoculated. This virus was also highly infectious when 
tested on May 15, 1915, producing the mosaic disease in 8 out of 10 plants. 
Although the virus was not tested for peroxidase at the time it was 
extracted, the fresh virus would probably have shown peroxidase 
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reactions. In the writer’s experience, freshly extracted sap from healthy 
plants as well as from plants affected with the mosaic disease has never 
failed to give more or less intense peroxidase reactions. 

Various experiments have shown that talc-treated virus slowly loses 
its peroxidase activities, although still retaining its infectious properties, 
as shown in the following test: On November 19, 1915, 50 c. c. of virus 
X*°, extracted on November 1, 1915, and filtered through paper, were 
mixed to a thick paste with 72 gm. of powdered tale, U. S. P. This 
material was tested for peroxidase reaction and infectivity from time to 
time with the following results: 


Strong peroxidase reaction..............Nov. 19, 1915. 
Very weak peroxidase reaction. .........Nov. 30, 1915. 
Very faint peroxidase reaction.......... Dec. 20, 1915....10 plants mosaic. 
No peroxidase reaction..................Jan. 18,1916.... 4 plants mosaic. 


Similar results have been noted when the virus, and also green mosaic 
material, have been buried in the soil. The virus, and likewise the green 
material, may entirely lose their peroxidase activities on decaying, 
although still retaining the power to produce infection. 


INFECTIOUS PROPERTIES LOST AND PEROXIDASE ACTIVITIES 
RETAINED, 

While the infective principle of the mosaic disease appears to be very 
resistant, the infectivity of a virus solution may be lost under some con- 
ditions, although the peroxidase is not appreciably changed. This was 
noted as a result of evaporating a quantity of virus to dryness. A solu- 
tion of 350 c. c. of virus which had been extracted some time previously 
and allowed to undergo free fermentation was evaporated at room tem- 
perature from September 18 to October 21, 1915. On October 21 the 
solution had been reduced to 20 c. c. of a thick, heavy, putrid-smelling 
black sirup. Although this solution gave much more intense reactions 
for catalase and peroxidase than the original solution, showing that 
these enzyms had been concentrated during the process of evaporation, 
the infective principle of the virus had been completely destroyed. 
Inoculation tests showed that the original virus, however, still retained 
its infectious properties. 

Although in this instance the infective principle had been destroyed, 
many tests have shown that the virus of the mosaic disease is not usually 
destroyed, even when evaporated to dryness. 

Experiments with the feces of hornworms fed upon the leaves of 
mosaic plants have given rather interesting results. After the worms 
had been feeding upon the plants for a day or two the feces were col- 
lected and macerated with distilled water. In one test the feces of a 
single worm were used. Out of 10 plants inoculated, one plant only 
became diseased. Since but one case of the mosaic disease appeared 
in this test, there is a possibility that this plant developed the disease 
as a result of accidental infection from other sources. 
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In another experiment six hornworms which had been feeding upon 
mosaic plants in the field were transferred to mosaic plants in the labora- 
tory and left fora day or two. The feces were then collected, macerated 
with tap water, and tested as follows: Ten plants were inoculated with 
the extracted sap of mosaic leaves upon which the worms were allowed 
to feed. Nine plants became mosaic. Ten plants were inoculated with 
a water extract of the feces of the hormworms. All remained healthy. 
Ten plants were inoculated with tap water (control). All remained 
healthy. 

Although these results indicate that the infective principle of the 
original material had been destroyed by the digestive process of the 
worms, the feces gave intense peroxidase reactions. 


INFECTIVE PRINCIPLE OF THE DISEASE NOT A NORMAL 
CONSTITUENT OF THE SAP OF HEALTHY PLANTS 


Woods, from his cutting-back experiments with tobacco and other 
plants, was led to believe that the mosaic disease of tobacco had its 
origin within the cells of the plants as a result of abnormal physiological 
activities. Although Woods ascribed the origin of the disease to peroxi- 
dase, he believed that there was no essential difference between the 
peroxidase of healthy and that of diseased plants and came to the con- 
clusion that this enzym obtained from either source could produce the 
disease. ‘ 

In an earlier paper (1) the writer has adduced evidence to show that the 
disease is not produced by simply cutting back or otherwise subjecting 
plants to unfavorable conditions. In the present paper it has also been 
shown that peroxidase bears no essential relation to infection and that 
by various methods this and other enzyms may be more or less com- 
pletely removed from the virus without affecting the infective principle 
of the disease, and vice versa. 

Although the sap of healthy plants may be rich in oxidase, peroxidase, 
and catalase, such sap never produces the mosaic disease in healthy 
plants. Although the peroxidase of diseased plants may be decreased to 
such an extent by dilution with distilled water that it can not be detected 
by the guaiac-hydrogen-peroxid test, the solution still remains highly 
infectious. The results of the experiments in which the virus was diluted 
with distilled water make this plain (Table XV). 


TABLE XV.—Effect of dilution of mosaic virus with distilled water 


| 











| Number 
ee al -*eroxidase | of plants 
Degree of dilution. Peroxidas Ahoy 
” is reaction. | inocu- Result. 
lated. 

a es } 
WR I iin od at inginsiedsccGendientes Siceeonaee | Intense... ... ‘ 
I part virus im 250 parts water................... aveul eS ainplawhiese | 
I part virus im sco parts water........ elaunicecai : None. 10 | 8 mosaic. 
1 part virus in 1,000 parts water............... exelent) Pe 10 | 6 mosaic. 


Tap water only (control)... .............s008- Srey Lanauioe 10 | All healthy. 
| 
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On the other hand, by evaporation the enzyms present in the sap of 
healthy plants may be brought to the highest possible concentration, but 
such solutions never acquire infectious properties. 

That oxidase (producing the blue color with guaiac alone) can not be 
responsible for the mosaic disease may be shown by heating the solution 
to 70° C. for several minutes. This temperature destroys the oxidase, 
according to Loew (15, p. 31), but does not affect the peroxidase or the 
principle of infection. Asa matter of fact, the oxidase of the tobacco sap 
appears to be an unstable enzym and very soon disappears entirely from 
untreated solutions on standing. 

Although the enzym termed “‘catalase’’ by Loew is very often a normal 
constituent of healthy and mosaic plants, it can be shown that the presence 
of this enzym has nothing to do with infection. -As shown by Loew (16, 
p. 19), catalase is destroyed by heating the solution for a minute or two at 
80°C. Such solutions, although no longer showing reactions for catalase, 
may yet retain their infectious properties. 

Although it is known that other enzyms than oxidase, peroxidase, and 
catalase occur normally in the sap of healthy tobacco plants (18), such 
enzyms can not be considered in a causal relationship to the mosaic disease 
if it has been established that this disease is not of so-called physiological or 
spontaneous origin—that is, it can not occur in the absence of infection. 
Furthermore, the writer sees no reason to believe that any specific enzym 
occurs ina mosaic tobacco plant which would not be found in healthy plants. 

Although it has been shown by various workers that the enzymic rela- 
tions and reactions in plants become disturbed as a result of disease and 
unfavorable conditions of growth, there is no reason to believe that these 
disturbances, when associated with the mosaic disease of tobacco, hold a 
causal relation to the disease. It is now well known that various factors, 
aside from pathological conditions caused by an unknown infective prin- 
ciple, may change the quantitative relations of enzyms in plants, as 
Bunzel (5) has shown in studying the curly-top of sugar beets. It yet 
remains to be shown that an increase in the amount or activity of 
enzyms in diseased plants is anything more than a symptom or an indi- 
cation of disturbed metabolism as a result of the disease. 

In the writer’s experience all evidence at hand indicates that the 
mosaic disease of tobacco is dependent upon a specific pathogenic agent 
which must be introduced into healthy plants from without before the 
disease can arise. That this pathogenic entity is highly infectious and 
is in some manner reproduced within the plant are established facts. If 
these facts are interpreted according to those fundamental principles 
upon which all our scientific conceptions in pathology and biology are 
based, that infectious diseases are associated with parasitism and that 
self-reproduction is a characteristic of living things alone, it must be 
admitted that the pathogenic agents responsible for the mosaic disease of 
tobacco must be parasites. If from the facts stated above it is held 
that nonliving chemical substances such as enzyms or toxins engender 
the disease, our fundamental biological conceptions no longer hold true. 
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SUMMARY 


In this paper are given the results of a study of the properties of 
the virus of the mosaic disease of tobacco, and evidence is adduced to 
show that the infective principle can not be identified with peroxidase. 
3riefly, the facts obtained may be stated as follows: 

(1) The infective principle of the mosaic disease of tobacco is retained 
by the Livingstone atmometer porous cup used as a filter, and also by 
powdered talc. Although the filtrates may show intense peroxidase reac- 
tions, they no longer produce infection. 

(2) The infective principle of the disease is quickly destroyed in alcohol 
of a strength of 75 to 80 per cent. In this strength precipitation of the 
peroxidase is complete. By filtering the solution the peroxidase may be 
collected, freed from alcohol by evaporation, and redissolved with water. 
This solution gives intense peroxidase reactions, but no longer produces 
infection. Alcoholic solutions of virus of 45 and 50 per cent strengths 
did not destroy the infective principle of the disease within the same 
period. In these solutions the pathogenic agents are not destroyed and 
appear to be carried down with the precipitate, leaving the supernatant 
solution without infectious properties, although giving strong peroxidase 
reaction$§. 

(3) By the addition of different quantities of hydrogen peroxid to 
the virus, it is possible to find a concentration of sufficient strength to 
destroy the peroxidase, but leaving little or no free peroxid in the solution. 
Such solutions no longer show peroxidase reactions, but retain their 
infectious properties for a long time. A considerable excess of hydrogen 
peroxid destroys the infective principle itself. The quantity of hydrogen 
peroxid required to destroy the peroxidase without leaving any consider- 
able excess in the solution depends upon the nature of the virus, the 
amount of active catalase present, etc. 

(4) The virus was treated with formaldehyde for 31 days in the follow- 
ing concentrations: One part formaldehyde in 100, 200, 400, 600, 800, 
1,000, 1,200, and 1,500 parts of virus solution. The solutions containing 
1 part formaldehyde in 800, 1,000, 1,200, and 1,500 parts of solution gave 
infection. Stronger concentrations were no longer infectious, although 
giving intense reactions for peroxidase. 

(5) Ether, chloroform, carbon tetrachlorid, toluene, and acetone failed 
to extract either the infective principle or the peroxidase from dried 
mosaic material. These solvents also failed to destroy the infectious 
principle in this material. Ethyland methyl alcohol completely destroyed 
the infective principle in the leaf material itself, as well as in the extract. 
No evidence of peroxidase was obtained in the alcohol extracts. Glycerin 
does not destroy the infective principle of the disease. Water extracts 
of dried material not only show peroxidase reactions, but also contain the 
infective principle of the disease. 

(6) A precipitate of aluminum hydroxid, formed by adding aluminum 
sulphate to alkaline solutions of virus, appeared to carry down the infec- 
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tive principle of the disease, leaving the clear, supernatant solution with- 
out infectious properties, although showing’ good peroxidase reactions. 
Similar treatment with nickel sulphate was not so satisfactory, as it gave 
evidence of being more toxic to the infective principle than the aluminum 
salt. 

(7) The virus is quickly killed at temperatures near the boiling point 
of water. In some instances heating the virus for five minutes at 80° C. 
was sufficient to destroy its infectivity. In other tests, with a different 
virus solution, heating for five minutes at 90° did not entirely destroy its 
infectivity. In dried and ground mosaic material, rendered water-free 
by drying over sulphuric acid in a desiccator, the infective principle 
resisted much higher temperatures than it did in solutions. If virus 
solutions are heated, the thermal death point of the infective principle 
is lower than that of the peroxidase; or at least it is more quickly 
destroyed than the peroxidase. 

(8) The virus is highly resistant to low temperatures. When frozen 
to a temperature of —180° C. with liquid air, its infectious properties 
were not weakened. 

(9) Unpreserved solutions of virus have sometimes lost their peroxi- 
dase activities without losing their infectious properties. Dfied and 
ground mosaic material has also lost its peroxidase activities and still 
remained highly infectious. Talc-treated material, while retaining its 
infectious properties, has lost its peroxidase activities. 

(10) Solutions of virus sometimes lose their infectious properties and 
continue to show intense peroxidase reactions, as when allowed to evap- 
orate spontaneously in one instance. The feces of worms fed upon 
mosaic plants have, in some instances, failed to produce infection, 
although such material continued to give intense peroxidase reactions. 

(11) The writer’s experiments show that peroxidase or catalase in the 
sap of mosaic plants can not be responsible for the mosaic disease. The 
same enzyms are normally present in healthy plants, but the sap of such 
plants is without infectious properties. By evaporation the enzyms 
present in healthy sap may be brought to a high concentration, and such 
solutions never acquire infectious properties. By dilution, on the other 
hand, the peroxidase content of mosaic sap may be diminished to such 
an extent that peroxidase reactions are no longer discernible; yet such 
solutions may remain highly infectious. 

Since it has been shown that the mosaic disease of tobacco does not 
occur in the absence of infection, neither enzyms nor other normal con- 
stituents in the sap of healthy plants can be considered responsible for the 
disease. A specific, particulate substance not a normal constituent of 
healthy plants is the cause of the disease. Since this pathogenic agent 
is highly infectious and is capable of increasing indefinitely within sus- 
ceptible plants, there is every reason to believe that it is an ultramicro- 
scopic parasite of some kind. 
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PLATE XCI 


Livingstone atmometer porus cup as used for filtration. The virus of the mosaic dis- 
ease of tobacco always lost its infectious properties in passing through this filter. 
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